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Abstract
Extant literature suggests that experiences of childhood adversity put individuals
at increased risk for deleterious emotional-behavioral and metabolic outcomes. However,
the precise mechanisms through which early adversity confers risk for such outcomes
remains poorly understood. Therefore, this project sought to examine the extent to which
Respiratory Sinus Arrhythmia reactivity (RSA-R), a metric of Parasympathetic Nervous
System functioning, influences the relationship between adversity exposure and metrics
of emotional-behavioral and metabolic health during childhood. Based on prior literature,
we hypothesized that RSA-R would significantly moderate the association between
exposure to childhood adversity and both emotional-behavioral and metabolic health.
This hypothesis was partially supported. Indeed, RSA-R interacted with experiences of
childhood adversity to predict internalizing symptoms and metabolic dysfunction. The
implications of these findings and directions for future research will be discussed.
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Introduction
The term “adversity” is often used to describe experiences of maltreatment such
as verbal abuse, physical abuse, sexual abuse, lack of familial emotional support, neglect,
parental separation, domestic violence, familial mental illness, and a member of the
family being incarcerated. With the publication of Felitti et al.’s (1998) seminal Adverse
Childhood Experiences study, collectively these types of adversity became known as
“ACEs.” Experiencing ACEs during childhood and adolescence is associated with
deleterious emotional-behavioral and non-psychiatric health outcomes in adulthood
(Felitti, 1993; Felitti et al., 1998). Such experiences of adversity are quite common with
nearly 60% of American adults experiencing one ACE prior to the age of 18 (Bynum et
al., 2010). The lifetime costs associated with these experiences is estimated to be 1.2
trillion dollars with such costs stemming primarily from productivity losses and increased
utilization of healthcare, child welfare, criminal justice, and special education services
(Wilkes, Guyn, Li, Lu, & Cawthorpe, 2012; Fang, Brown, Florence, & Mercy, 2012).
The present study examined how psychophysiological functioning (as measured
by Respiratory Sinus Arrhythmia) moderated the association between experiences of
childhood adversity and emotional-behavioral and non-psychiatric health conditions.
Thus, in the present document, first, the association between childhood adversity and
emotional-behavioral and non-psychiatric health conditions will be reviewed, then
research implicating the moderating role of psychophysiological functioning in these
associations will be described. Finally, the primary and exploratory aims, statistical
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methodology, and results of the present study will be presented and discussed within the
context of extant literature.
Child Adversity and Emotional-Behavioral Health
The experience of adversity during childhood is a risk factor for multiple forms of
psychopathology (Kaufman & Hoover, 2016; Kendler et al., 2000; Montalvo-Ortiz,
Gelernter, Hudziak, & Kaufman, 2016). Relative to children who have not experienced
adversity, children who have are more likely to evidence internalizing and externalizing
psychopathology, posttraumatic stress disorder (PTSD), depression, suicidality, selfinjurious behavior, substance abuse problems, eating disorders, oppositional defiant
disorder, and conduct disorder (Kaufman & Hoover, 2016). Moreover, children and
adolescents who struggle with psychopathology often have a higher likelihood of
experiencing adversity with 30% of child and adolescent outpatients, and 55% of child
and adolescent inpatients demonstrating a lifetime history of adversity (i.e., abuse or
neglect) (Kaufman & Hoover, 2016).
Further, the effects of child adversity on mental health persist into adulthood (e.g.,
Jones, Nurius, Song, & Fleming, 2018) with individuals who have experienced childhood
adversity being at increased risk for depression, anxiety, aggression, suicidality,
behavioral disorders, and substance use disorders as adults (e.g., Felitti et al., 1998; Jones
et al., 2018). However, the process(es) through which adverse childhood experiences
exert an effect on adult emotional-behavioral health are less well understood. Recent
work by Jones et al. (2018) suggests that while childhood adversity exerts a significant
direct effect on adult mental health, these effects operate through a variety of factors
2

related to adult life, including low income status, increased likelihood of experiencing
adversity in adulthood, and lack of social support.
Child Adversity and Non-psychiatric Health Conditions
As adults, individuals who report having experienced childhood adversity are not
only at heightened risk for psychopathology, but also for a host of other non-psychiatric
health conditions including obesity, diabetes, heart disease, sexually transmitted diseases,
lung disease, peptic ulcer, arthritic disorders, autoimmune disorders, and premature
mortality (Goodwin & Stein, 2004; Felitti et al., 1998). Often the association between
childhood adversity and non-psychiatric health conditions in adulthood persists even
when the influence of demographic characteristics and alternative risk factors (e.g.,
lifetime psychopathology, lifetime substance use, socioeconomic status, and family
health history) are controlled (e.g., Goodwin & Stein, 2004; Masters et al., 2015).
Many of the non-psychiatric health conditions associated with childhood
adversity are components of a constellation of symptoms known as metabolic syndrome
(Tentolouris, Argyakopoulou, & Katsilambros, 2007). In adults, metabolic syndrome is
characterized by the co-occurrence of common metabolic abnormalities, including
hypertension, abnormal glucose metabolism, abnormal lipid metabolism, insulin
resistance, and central fat accumulation (Tentolouris et al., 2007). The presence of
metabolic syndrome or, indeed, the presence of any of its constituent conditions increases
one’s risk for the development of Type II diabetes, heart disease, and stroke (Grundy et
al., 2005; Alberti, Zimmet, & Shaw, 2005).
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One of the primary components of metabolic syndrome in adulthood, central fat
accumulation, is associated with childhood adversity. Relative to non-obese controls,
obese adults report significantly greater rates of adversity (i.e., child sexual abuse,
nonsexual abuse, and parental alcoholism), and adults who report experiencing four or
more adverse experiences during childhood are at a 1.4-1.6 fold increase for obesity in
adulthood (Felitti, 1993). In addition, measures of childhood adversity, particularly those
that quantify both the severity and chronicity of adverse experiences, predict central
obesity (i.e., waist to hip ratio) in adulthood beyond more contemporaneous adult health
risk factors including smoking, alcohol use, diet, exercise, and psychosocial risk factors
(e.g., level of education, employment status, and social functioning) (Davis et al., 2014).
Childhood adversity has also been associated with the development of Type II
diabetes. In one study, even when controlling for demographic characteristics and family
history of diabetes, the association between experiences of childhood adversity and adult
onset Type II diabetes remained significant (Masters et al., 2015). In contrast, other
research (e.g., Shields et al., 2016) suggests that while the frequency and severity of child
adversity (i.e., physical and sexual abuse) is associated with the development of Type II
diabetes in adulthood, when the effect of mediators such as obesity, smoking, and high
blood pressure are accounted for the association between Type II diabetes and
experiences of adversity is no longer significant.
Similar to obesity and diabetes, an association between childhood adversity and
adult onset hypertension has also been reported. Large-scale epidemiological studies
suggest that the experience of two or more childhood adversities is associated with adult
4

onset hypertension (Stein et al., 2010). This effect appears to operate through increased
adiposity and leptin (a bioactive cytokine produced by adipose tissue) (Crowell et al.,
2016). Moreover, the association between child adversity and hypertension maybe
driven by specific forms of child adversity, particularly physical abuse and domestic
violence (Parrish et al., 2013).
Given that childhood adversity is associated both with adult psychopathology and
non-psychiatric health conditions, the extent to which psychopathology may mediate
and/or moderate the association between childhood adversity and non-psychiatric health
conditions in adulthood has been explored. For example, Pederson and Wilson (2009)
suggest that symptoms of psychopathology, specifically symptoms of depression (but not
symptoms of PTSD), mediate the association between childhood emotional neglect and
increased BMI in adulthood. Alternatively, research also suggests that while childhood
adversity (i.e., physical and sexual abuse) is associated with a doubling of the odds for
depression and obesity in adulthood, the relationship between obesity and depression is
not attenuated when the effect of child adversity is controlled for, thereby suggesting that
depression and obesity may be independent outcomes of childhood adversity (Rohde et
al., 2018).
The extent to which the associations between childhood adversity and adult
psychopathology and non-psychiatric health conditions may be related to the specific
type(s) of adversity one experiences has also been investigated. For example, Font and
Maguire-Jack (2016) suggest that the association between certain classes of adversity
(i.e., domestic violence, parental divorce, living with someone with a history of
5

incarceration) and non-psychiatric health conditions is explained nearly entirely by
socioeconomic status in adulthood. However, other classes of adversity (i.e., physical,
emotional, and sexual abuse) exert an effect on obesity and self-reported health
regardless of socioeconomic strata (Font & Maguire-Jack, 2016). Similarly, it appears
that while neglect exerts effects on BMI, these effects vary based on the specific type of
neglect a child experiences (Knutson, Taber, Murray, Valles, & Koeppl, 2010).
It is worth noting that most of the studies thus far reviewed are cross-sectional and
rely on retrospective reports of child adversity during adulthood, however the few extant
prospective longitudinal studies show similar patterns. Indeed, prospective longitudinal
work suggests that associations exist between childhood adversity and metabolic
syndrome in adulthood (e.g., Pirkle, Wu, Zunzunegui, & Gomez, 2018), and that
childhood distress mediates the association between adversity and metabolic disease in
adulthood (Winning, Glymour, McCormick, Gilsanz, & Kubzansky, 2016). Using a
combination of cross-sectional and longitudinal methods, Farr et al. (2015) demonstrated
that experiences of adversity and symptoms of PTSD have an additive effect on a number
of metabolic outcomes including BMI, leptin, fibrinogen, blood pressure, and insulin
sensitivity.
To date, therefore, a compelling body of work suggests that there are meaningful
associations between childhood adversity and the later development of emotionalbehavioral and non-psychiatric health conditions, particularly metabolic dysfunction.
However, a number of factors complicate the field’s understanding of the nature of this
relationship. First, there is variability across studies in the way that adversity is quantified
6

with some studies examining overall experiences of adversity (e.g., Felitti et al., 1998),
others examining specific classes of adversity (e.g. physical abuse, sexual abuse, and
neglect) (e.g., Goodwin & Stein, 2004), and still others accounting for the severity and
chronicity of adverse experiences (e.g., Davis et al., 2014). Second, some research
suggests that when controlling for contemporaneous adult risk factors the associations
between childhood adversity and adult metabolic conditions are not significant (e.g.,
Shields et al., 2016), whereas other work suggests that even when such factors are
controlled the associations between childhood adversity and adult health concerns persist
(e.g., Goodwin & Stein, 2004; Masters et al., 2015). In addition, there is some evidence
to suggest that mental health concerns explain the relationship between childhood
adversity and cardio-metabolic conditions (Pederson & Wilson, 2009), while other
evidence suggests that the relationship between adversity and cardio-metabolic
conditions is not driven by symptoms of psychopathology (e.g., Rohde et al., 2008).
Finally, research suggests that these associations may vary based on race, ethnicity, child
age, and child sex (Rohde et al., 2018; Knutson et al., 2010).
A Potential Mechanism: The Human Stress Response
It has been hypothesized that the associations between childhood adversity and
later emotional-behavioral and metabolic health outcomes may, in part, be related to the
functioning of the human stress response. As reviewed by Pervanidou and Chrousus
(2012), the human stress response system consists of two components: a component
regulating the Hypothalamic-Pituitary-Adrenal (HPA) axis which modulates the release
of glucocorticoids, and a component regulating the Autonomic Nervous System (ANS)
7

which modulates the release of epinephrine and norepinephrine. Together, these two
components of the stress system, and various neurotransmitters, hormones, cytokines, and
growth factors interact to maintain homeostasis (Pervanidou & Chrousus, 2012).
Individual differences in temperament, genetics, and physiological functioning
appear to moderate an individual’s risk within the context of adversity (Obradovic, 2012).
Building off this work, it has recently been hypothesized that within the context of
environmental adversity, individual differences in the sensitivity of the human stress
response system may place an individual at relatively greater or lesser risk for
psychopathology (McLaughlin, Alves, & Sheridan, 2014), and non-psychiatric illness (El
Sheik, Harger, & Whitson, 2001). Alternatively, it has also been hypothesized that
experiences of adversity may result in the dysregulation of the stress response system,
and that this may exert an effect on emotional-behavioral health, as well as on systems
integrally related to growth, metabolism, immunity, and cardiovascular functioning
(Pervanidou & Chrousos, 2012). It remains unclear whether individual differences in the
functioning of the human stress response system place an individual at greater risk within
the context of adversity, and/or whether perturbations in the functioning of the human
stress response system occur subsequent to exposure to adversity. Nevertheless, the
functioning of one component of the human stress response, the ANS, has been
implicated as a mechanism through which exposure to childhood adversity may be
related to emotional-behavioral and non-psychiatric health.
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Autonomic Nervous System Functioning
Broadly, the ANS regulates an organism’s physiological response to the
environment and plays an integral role in maintaining homeostasis in the face of stress
(e.g., McLaughlin et al., 2014). The ANS regulates a variety of bodily functions
including heart rate, respiration rate, digestion, salivation, and pupillary response
(Beauchaine, 2001). The ANS maintains homeostasis due to the complex interplay
between its two branches: the Sympathetic Nervous System (SNS) and Parasympathetic
Nervous System (PNS) (McLaughlin et al., 2014).
Generally, the SNS exerts an excitatory influence on the ANS and becomes
activated in response to stress and/or increased environmental challenge, resulting in a
number of physiological changes including heart rate acceleration, increased metabolic
output, and the increased release of catecholamines from the adrenal glands (e.g.,
Beauchaine 2001; McLaughlin et al., 2014). These changes result in increased cardiac
output and an increased availability of glucose and oxygenated blood for skeletal muscles
and the brain. Such changes facilitate cognitive and motor activity in response to
increased environmental load and are colloquially referred to as the “fight or flight
response” (McLaughlin et al., 2014).
Whereas the SNS exerts an excitatory influence on the ANS, the PNS generally
exerts an inhibitory influence and is involved in functions that promote growth and
restoration (McLaughlin, Rith-Najarian, Dirks, & Sheridan, 2015). The PNS promotes
digestion, bodily repair, and energy conservation (McLaughlin et al., 2015), and serves to
inhibit sympathetic activation, reduce heart rate and metabolic output, and aid in the
9

return of homeostasis (McLaughlin et al., 2014). Colloquially, the PNS is referred to as
the “rest and digest” system.
It is important to note, however, that while the SNS and PNS exert antagonistic
effects on the organs and bodily systems they innervate (Beauchaine, 2001), patterns of
activation between the two systems are not necessarily antagonistic in real time (Shaffer
& Ginsburg, 2017). Patterns of SNS and PNS activation can occur in an uncoupled
manner, a reciprocal manner, a co-activated manner, or a co-inhibited manner (e.g.,
Bernston, Cacioppo, & Quigley 1993; Hooper, Spinazzola, Simpson, & van der Kolk,
2006). Nonetheless, the PNS and SNS work synergistically to modulate a number of
bodily functions, including cardiac activity.
Cardiac activity results from the interplay between the excitatory effects of the
SNS and the inhibitory or deceleratory effects of the PNS. Much of the research
exploring the ANS’s regulation of cardiac activity is influenced by Porges’ Polyvagal
Theory, which emphasizes the important role of the vagal nerve in modulating cardiac
activity (Porges, 2007). According to Porges’ Polyvagal Theory, the deceleratory effects
of the PNS are provided by the vagal nerve, which originates in the brain stem and
terminates in the sinoatrial node of the heart (Beauchaine, 2001; Porges, 2007). In this
way, the vagal nerve can serve as a “vagal brake” and rapidly inhibit the SNS’s
influences on the heart, dampen the activity of the HPA axis, and “mobilize or calm” an
individual (Porges, 2007). One metric of this PNS activity is referred to as Respiratory
Sinus Arrhythmia (RSA).

10

Respiratory Sinus Arrhythmia
RSA is a measure of heart rate variability during respiration, and is the result of
decreases in vagal efference during inhalation (which accelerate heart rate), and increases
in vagal efference during exhalation (which decelerate heart rate) (Beauchaine, 2001).
RSA is conceptualized as a metric of the PNS's vagal-mediated deceleratory effects on
heart rate (Beauchaine, 2001). Given the role of the PNS in inhibiting arousal and
facilitating recovery, particularly within the context of environmental stress, researchers
have had a long-standing interest in RSA. Primarily, there are three metrics of RSA that
have been studied: baseline RSA, RSA reactivity (RSA-R), and RSA recovery. Baseline
RSA (i.e., RSA during conditions of relative rest) has been conceptualized as an
underlying measure of self-regulatory abilities (e.g., McLaughlin et al., 2015), RSA-R
(i.e., shifts in RSA in response to environmental stressors) is postulated to reflect changes
in attentional focus, emotion regulation and mood state (Beauchaine, 2001), whereas
RSA recovery (i.e., the return to baseline after a stressor has commenced) has been
postulated to reflect one’s ability to recover after stress (Beauchaine, 2001). Each of these
metrics has been associated with emotional-behavioral functioning. Building on this body
of work, the present study examined the extent to which patterns of RSA-R and adversity
exposure interact to predict symptoms of psychopathology and metrics of metabolic
health. As such, the relationship between RSA-R and each of these variables will be
reviewed below.
RSA Reactivity and Emotional-Behavioral Health. According to Porges’
Polyvagal Theory, in conditions of relative rest, higher baseline RSA is thought to be
11

adaptive and associated with growth and restoration, whereas lower baseline RSA is
conceptualized as a metric of vulnerability (Porges, 1995; 2007; Porges, DoussardRoosevelt, & Maiti, 1994). Alternatively, RSA-R (i.e., changes in RSA in response to
stressful circumstances) is widely conceptualized as a metric of stress reactivity (e.g.,
Graziano & Derefinko, 2013). During stressful circumstances, the influence of the vagal
nerve on the sinoatrial node of the heart is dampened (i.e., the “vagal brake” is
disengaged). This disengagement of the “vagal brake” enables activation of the SNS and
helps an organism engage in “flight or fight” behavior and adaptively respond to stress
(e.g., Graziano & Derefinko, 2013; McLaughlin et al., 2014; Porges, DoussardRoosevelt, Portales, & Greenspan, 1996).
Metrics of RSA-R are typically determined by calculating change scores between
RSA during conditions of relative rest and RSA in response to stressful circumstances.
Thus, RSA-R, in response to stress can either follow patterns of withdrawal (i.e.,
decreases relative to baseline) or augmentation (i.e., increases relative to baseline).
According to Porges’ Polyvagal Theory, RSA withdrawal in response to stress is thought
to be adaptive as it facilitates functioning of the “flight or fight” system (Porges et al.,
1996). Alternatively, blunted RSA withdrawal and even increases in RSA in response to
stress (i.e., RSA augmentation) are conceptualized as metrics of impaired self-regulatory
ability. Indeed, blunted RSA withdrawal and RSA augmentation have been associated
with maladaptive outcomes (e.g., Murray-Close, Holterman, Bresland, & Sullivan, 2017).
Conversely, research also suggests that greater levels of RSA withdrawal in response to
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stress are associated with better coping and emotion regulation skills (e.g., Gentzler,
Santucci, Kovacs, & Fox, 2009).
Patterns of RSA-R have also been associated with symptoms of psychopathology
and clinical diagnoses. Indeed, meta-analytic work suggests that greater levels of RSA-R
withdrawal in response to stress are associated with fewer internalizing and externalizing
symptoms (Graziano & Derefinko, 2013). However, despite this overall meta-analytic
trend, results are mixed. For example, some research has failed to find an association
between patterns of RSA-R withdrawal and externalizing symptoms (e.g., Eisenberg et
al., 2011), and some research suggests that greater levels of RSA withdrawal are
associated with lower levels of internalizing symptoms (Hinnant & El-Sheikh, 2009).
RSA Reactivity and Metabolic Health. Research also suggests that
parasympathetic activity, of which RSA-R is a metric, may play a role in the relationship
between adversity and metabolic health. Indeed, research has meaningfully associated
parasympathetic functioning as measured by baseline RSA to metabolic functioning. For
example, in a large community-based sample of healthy five- and six- year old children,
Vrijkotte et al. (2015) examined the association between baseline RSA, waist-to-height
ratio, systolic blood pressure, triglycerides, high-density lipoprotein, glucose, and a
normalized sum score of these metabolic factors. Baseline RSA was significantly and
negatively associated with waist-to-height ratio, systolic blood pressure, and the
normalized sum score of metabolic functioning (Vrijkotte et al., 2015). Similarly,
Graziano, Calkins, Keane, and O’Brien (2011) followed children longitudinally from 5
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years of age to 10 years of age and found that lower baseline RSA at age 5 was associated
with increased weight gain and risk of being overweight at age 11.
Relatively less work has explored how patterns of parasympathetic reactivity as
measured by RSA-R are associated with metabolic functioning. However, in adults,
cross-sectional and longitudinal analyses suggest that greater RSA-R withdrawal in
response to stress is associated with less favorable metabolic profiles (Hu, Lamers, Hiles,
Penninx, & de Geus, 2016). Similarly, using High-Frequency (HF) bands as a measure of
parasympathetic reactivity (i.e., spectral analysis of HRV using the high (0.15–0.40 Hz)
and low frequency (0.04-0.15) components), Gentile and colleagues (2015) found that
greater parasympathetic withdrawal in response to stress was associated with greater
levels of metabolic dysfunction. Although a different metric than RSA-R, HF values are
also thought to index parasympathetic control of cardiac activity. However, results are
mixed such that some meta-analytic work suggests that metrics of heart rate variability
are not meaningfully associated with later cardiovascular risk (Chida & Steptoe, 2009),
and that the association between RSA-R and metabolic risk is moderated by gender (e.g.,
Gentile et al., 2015). The association between RSA-R and metabolic health in children
has not been widely studied. However, work by Graziano et al. (2011) suggests that there
is no association between patterns of RSA-R and metabolic health in white children, but
that lower levels of RSA suppression are associated with greater body mass index (BMI)
among black children.
Given this body of literature, it has been suggested (e.g., Vrijkotte et al., 2015)
that parasympathetic activity, in particular, may exert an effect on metabolic functioning
14

and that these effects may begin during childhood and continue into adulthood. RSA-R
has been associated with metabolic health in children and adults. Therefore, RSA-R
appears to be a viable candidate with which to examine the association between the
functioning of the stress response and metabolic health.
However, one complicating factor with regard to the measurement of metabolic
dysfunction in children is that while cut offs and guidelines exist for metabolic syndrome
in adults, similar guidelines do not exist for children and adolescents. Indeed, as outlined
by Vrijkotte et al. (2015), currently there is not a consensus about the delineation of
metabolic syndrome in children. Nevertheless, subtle metabolic changes in the metabolic
functioning of children may precede profound metabolic perturbations in adult life, and it
appears that RSA-R may be associated with these negative metabolic outcomes.
The Moderating Effect of RSA Reactivity within the Context of Adversity.
Prior work suggests that patterns of RSA-R may moderate the association between
experiences of adversity and emotional-behavioral health. For example, McLaughlin,
Alves and Sheridan (2014) found that in adolescents patterns of RSA-R interacted with
experiences of childhood adversity to predict internalizing symptoms such that
adolescents who experienced high levels of childhood adversity and who evidenced
lower levels of RSA-R withdrawal in response to stress demonstrated the highest levels
of internalizing symptoms. Similarly, longitudinal work suggests that marital conflict
interacts with RSA withdrawal such that children who evidenced greater RSA-R
withdrawal in response to a stressful task evidence lower levels of internalizing
symptoms (e.g., El Sheikh & Whitson, 2006). In addition, research suggests that RSA-R
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interacts with exposure to interparental conflict in predicting externalizing symptoms
particularly among boys (e.g., El Sheikh et al., 2001).
A smaller body of work also suggests that metrics of parasympathetic functioning
may moderate the association between adversity and non-psychiatric health. For example,
baseline RSA moderates the association between exposure to adversity and physical
health outcomes. Indeed, El Sheikh et al. (2001) found that within the context of marital
conflict, a significant interaction existed such that higher baseline RSA offered protective
effects on the increased health problems (e.g., total health problems, chronic and acute
illnesses, respiratory problems, digestive problems, fatigue) that were otherwise
associated with marital conflict. A more limited body of work has explored how patterns
of RSA-R interact with psychosocial stress to predict overall health. However, Hagan and
colleagues (2016) found that in children, socioeconomic status (SES) interacted with
RSA-R to predict indices of general health. Indeed, children living in conditions of
greater socioeconomic adversity who evidenced greater levels of RSA-R withdrawal in
response to stress evidenced the greatest levels of health impairment.
Debate About Direction of Effects
Although some researchers have conceptualized patterns of RSA-R as a metric of
risk for psychopathology and metabolic dysfunction, particularly within the context of
psychosocial adversity, other explanations have also been proffered. Indeed, it has been
suggested, that physiological processes such as RSA-R are altered as a result of
psychopathology, other medical illness, or being exposed to adversity. Indeed, some
researchers have interpreted cross-sectional data in this way (e.g., Scheeringa, Zeanah,
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Myers, & Putnam, 2004). Certainly, prospective longitudinal work is needed.
Nevertheless, given the available research, it seems plausible that underlying differences
in psychophysiological functioning may put youth at increased risk within the context of
environmental adversity.
Childhood Adversity and Intergenerational Associations
Given the associations between childhood adversity and adult emotionalbehavioral and metabolic health, researchers often postulate about the effects of such
adult symptomatology on the next generation. It appears that the effects of child adversity
extend beyond the individual exposed to adversity, and also exert an effect on their
children. Indeed, Lê-Scherban, Wang, Boyle-Steed, and Pachter (2018) demonstrated that
even while controlling for demographic and socioeconomic characteristics, parental
experiences of childhood adversity are associated with increased odds for deleterious
child health outcomes including poor overall health status, asthma, and increased
sedentary behavior (i.e., television watching). Similarly, although maternal experiences
of adversity are associated with increased pre- and post- natal maternal depressive
symptoms, certain types of maternal child adversity (i.e., maltreatment) exert a direct
effect on infant socio-emotional functioning at 6 months of age (McDonnell & Valentino,
2016). Moreover, maternal and paternal experiences of adversity have also been
associated with developmental delays in offspring (Folger et al., 2018). Taken together
such findings suggest that the effects of adversity are not limited to one generation.
While this intergenerational transmission of adversity is well documented, the
mechanisms through which it occurs are not well understood. As summarized by Lê17

Scherban et al. (2018), a number of potential explanations have been proffered. First,
parents who experience adversity may evidence changes in stress reactivity, neural
functioning, and/or increased inflammation and these changes may lead to
psychophysiological or epigenetic changes in children (Bowers & Yehuda, 2016; LêScherban et al., 2018; Perry & Pollard, 1998). Alternatively, parental adversity may exert
its effect via parental mental health concerns (e.g., depression, substance use) and/or the
associated effect these conditions exert on parenting (Ertel, Rich-Edwards, & Koenen,
2011; Lê-Scherban et al., 2018). Indeed, experiences of parental adversity have been
shown to affect parenting behaviors and influence parent-child interactions (Chung et al.,
2009; Hughes & Cossar, 2016; Lê-Scherban et al., 2018). It is also possible that parental
adversity may be associated with child outcomes due to associations with socioeconomic
circumstances including poverty (Kalmakis & Chandler, 2015), food insecurity (Chung et
al., 2009), access to healthcare (Wade et al., 2016), or an increased likelihood that
children will experience adversity themselves (Sun et al., 2016). It is worth noting,
however that retrospective (Kaufman & Zigler, 1987) and prospective longitudinal (Pears
& Capaldi, 2001; Widom, Czaja, & DuMont, 2015) studies demonstrate that only 33% of
individuals who endure childhood abuse and neglect go on to actively abuse or neglect
their children.
Within the context of these myriad hypothesized mechanisms contributing to the
intergenerational transmission of adversity, it has also been hypothesized that the
intergenerational transmission of adversity maybe related to both parent and child ANS
functioning. For example, epigenetic research suggests that maternal experiences of stress
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prior to conception are related to differences in DNA methylation that influence the
development of an infant’s ANS (Blaze & Roth, 2015). In utero, maternal stress exerts an
effect on fetal ANS activity (DiPietro, Costigan, & Gurewitsch, 2003), and maternal
stress and emotional-behavioral health are associated with ANS functioning in newborns
(Jacob, Byrne, & Keenan, 2009). In addition, maternal history of adversity (i.e.,
childhood abuse) has been associated with fetal ANS activity (Gustafsson, Doyle,
Gilchrist, Werner, & Monk, 2017) and with markers of ANS activity during childhood
(Jovanovic et al., 2011). More recently, is has been shown that a mother’s experience of
adversity during childhood is related to her 6-month-old’s RSA during a play task such
that higher maternal adversity was associated with lower child RSA (Gray, Jones Theall,
Glackin, & Drury, 2017). Thus, an emerging body of work suggests that parent and child
ANS functioning may play a role in the intergenerational transmission of adversity and
that RSA-R may be a useful metric to explore this intergenerational transmission of
adversity.
Summary of Extant Literature
Adversity during childhood is associated with an increased risk for
psychopathology and metabolic illness in adulthood. Indeed, the seminal ACEs study
conducted by Kaiser Permante established these links over two decades ago (Felitti et al.,
1998). However, the ACEs study also set out to explicitly address mechanistic gaps in the
literature that could account for the association between experiences of childhood
adversity and social, emotional, and non-psychiatric health problems later in life (see
Figure 1); yet many questions remain (Whitfield, 2014).
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A potential mechanism that may underlie these associations is ANS functioning,
an integral component of the human stress response. More specifically, Parasympathetic
Nervous System functioning (as measured by patterns of RSA-R), may potentially
moderate the association between adversity and both symptoms of psychopathology and
metabolic dysfunction. Moreover, an emerging body of evidence suggests that
experiences of adversity are associated with intergenerational effects and that PNS
functioning may play a role in these intergenerational associations. Nevertheless, more
work is needed to better understand the process(es) through which experiences of
childhood adversity lead to psychopathology and metabolic dysfunction in adulthood,
and how intergenerational processes may contribute to these patterns.
Figure 1. Mechanistic Gaps in the Child Adversity Literature (Whitfield, 2014).

The Present Study
Using a sample of children and adolescents, the present study examined the
moderating effect of RSA-R on the association between childhood adversity, symptoms
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of psychopathology, and indices of metabolic functioning. Given the extant body of
literature, the present study had the following primary aims and hypotheses:
Primary Aims
Aim 1. While controlling for IQ, sex, age, SES, and family relatedness, the
present study examined the extent to which adversity, RSA-R, and their interaction
predicted self- and parent- reported internalizing and externalizing symptoms in children
and adolescents.
Hypothesis 1. We hypothesized that RSA-R would significantly moderate the
association between adversity and self- and parent- reported internalizing and
externalizing symptoms. We further hypothesized that adversity would exert a significant
and positive main effect on symptoms of psychopathology (e.g., Kaufman & Hoover,
2016) and that RSA-R would exert a significant and positive main effect on symptoms of
psychopathology (e.g., Graziano & Derefinko, 2013). Moreover, given extant research
(e.g., McLaughlin et al., 2014; McLaughlin et al., 2015; El Sheikh et al., 2001), we
hypothesized that the association between adversity and parent- and child- reported
symptomatology would be stronger in children and adolescents who evidenced blunted
RSA-R withdrawal and/or RSA-R augmentation in response to a lab-based frustration
task.
Aim 2. While controlling for IQ, sex, age, SES, and family relatedness, the
present study examined the extent to which adversity, RSA-R, and their interaction
predicted metabolic dysfunction.
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Hypothesis 2. Based on extant research, we hypothesized that adversity would be
significantly and positively related to metabolic dysfunction (e.g., Felitti et al., 1998), and
that that greater levels of RSA-R withdrawal would be associated with greater levels of
metabolic dysfunction (e.g., Hu et al., 2016). Finally, we hypothesized that RSA-R would
significantly moderate the association between adversity and metabolic functioning.
Given extant research (e.g., Hagan et al., 2016, Gentile et al., 2015) we hypothesized that
the association between adversity and a metabolic dysfunction would be stronger in
children who evidenced greater levels of RSA-R withdrawal in response to stress.
Exploratory Aim
The present study also examined the following exploratory aim:
Aim 3. While controlling for IQ, sex, age, SES, and family relatedness, the
present study examined the extent to which parental adversity, parental RSA-R, and their
interaction predicted child RSA-R.
Hypothesis 3. We hypothesized that parental RSA-R, parental adversity, and their
interaction would be significantly associated with child RSA-R. We hypothesized that
parental adversity would exert a significant and positive effect on child RSA-R and that
parental RSA-R would be significantly and positively associated with child RSA-R.
Finally, we hypothesized that the association between parental adversity and child RSAR would be stronger among parents who evidence blunted RSA-R withdrawal and/or
RSA-R augmentation in response to a stressful lab-based task.
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Methods
Participants and Procedures
Participants in the present study came from two cross-sectional family studies,
which included children and adolescents with and without clinical levels of
psychopathology. Participants (N = 294) ranged in age from 7 to 17 (M = 10.94 years, SD
= 2.40 years; 66% male) and resided in Vermont and northern New York. Participants
were recruited from the community and from a child and adolescent psychiatry clinic.
Each participating family had a child and at least one additional biological family
member enrolled in the study. All children were accompanied by at least one caregiver
(88% biological mothers) and 48% had at least one sibling in the study. The majority
(95%) of the sample identified as white. SES was assessed using the Hollingshead Index
and the majority of the families enrolled were classified as middle class (M = 63.98; SD =
24.88). Families were paid $20 per hour for participating in the study. The University of
Vermont Institution Review Board approved all study procedures (Committee on Human
Research in Medical Sciences #09-210 & 13-275) (Ametti, 2018).
Measures
The Achenbach System of Empirically Based Assessments: Child Behavior
Checklist (CBCL) and Youth-Self Report (YSR) (Achenbach & Rescorla, 2001). The
children, adolescents, and adults who participated in this study evidenced a range of
emotional-behavioral symptomatology. Emotional-behavioral functioning was quantified
using the Achenbach System of Empirically Based Assessments (ASEBA). Each parent
completed the 118-item Child Behavior Checklist (CBCL) about his or her child’s
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symptomatology. Each child completed the 112-item Youth-Self Report (YSR) about his
or her own symptomatology. On both the CBCL and YSR, items are scored on a 0-2
Likert scale (0 = not true; 1 = somewhat or sometimes true; 2 = very true or often true),
and emotional-behavioral functioning is assessed using both empirically derived
syndrome scales and DSM-oriented scales. The present study utilized the Internalizing
and Externalizing total scores. The Internalizing scale consists of the
Withdrawn/Depressed, Anxious/Depressed, and Somatic Complaints subscales, whereas
the Externalizing scale consists of the Rule-Breaking Behavior and Aggressive Behavior
subscales.
The Yale-Vermont Adversity in Childhood Scale (Y-VACs) (Holbrook et al.,
2015). The children and parents who participated in this study experienced a range of
intra- and extra- familial childhood adversity. These experiences were quantified using
The Yale-Vermont Adversity in Childhood Scale (Y-VACs), a newly developed suite of
instruments designed to measure an individual’s experience of intra- and extra- familial
adversity (Holbrook et al., 2015). The children who participated in this study completed
The Y-VACs Youth Self-Report (Y-VACSYSR), which quantifies a child’s self-reported
experiences of adversity. The adults who participated in this study completed the YVACs Adult Self-Report (Y-VACSASR), which quantifies an adult’s self-reported
experiences of adversity prior to the age of 18. In addition, the adults who participated in
this study completed the Y-VACs Parent-Report (Y-VACSPR), which quantifies a
parent’s report of his or her child or adolescent’s experiences of adversity.
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Each version of the Y-VACS includes an intra- and extra- familial subscale, and
each subscale consists of ten items (e.g., has a parent or other adult in the household, or
other family member forced you to watch or do something sexual?). Each item on the YVACs includes a frequency (0 = never, 1 = isolated incident, 2 = more than once) and
severity (1 = mild or suspected, 2 = moderate, 3 = severe) score. A total score for each
item is generated by summing the frequency and severity (0-5), and the total score for
each subscale is generated by summing the 10 item-level scores. Total Y-VACs scores
range from 0-100.
Respiratory Sinus Arrhythmia (RSA) Reactivity. RSA was assessed using an
electrocardiogram, and the Vrije Universiteit-Ambulatory Monitoring System (de Geus,
Williamsen, Klaver & van Doornen, 1995). This device continuously (1000 samples per
second) measured electrocardiography and thoracic impedance during a number of
laboratory-based tasks (Ametti, 2018). Data were cleaned and labeled using the Vrije
University Data, Analysis and Management Software (VU-DAMS) program (de Geus, et
al., 1995).
RSA-R scores were computed using RSA data collected during two blocks of a
Go/No-Go Task (Lamm & Lewis, 2010; Lamm, Zelazo, & Lewis, 2006). During this
task, participants were instructed to quickly press a button on a controller each time a
letter was presented on the screen (i.e., go signal), but to not press the button if the same
letter was presented consecutively (i.e., no-go signal) (Ametti, 2018). After
demonstrating proficiency in a training block of the Go/No-Go Task, participants
participated in two blocks of this task: Block A (i.e., a non-emotional baseline block) and
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Block B (i.e., a frustration induction block). In both blocks, when participants failed to
press the button on a go trial or mistakenly pressed on a no-go trial, a red bar appeared in
the middle of the screen, indicating that the participant had committed an error.
Additionally, every 5 to 25 trials, the number of points accrued was displayed on the
screen. Increases in points were presented in green and accompanied by a ringing sound,
whereas decreases were presented in red and accompanied by a buzzing tone (Ametti,
2018). Participants were told they would receive a prize based on the number of points
they accrued.
In Block A (i.e., a non-emotional baseline block), the duration of the stimulus was
adjusted to maintain the rate of incorrect no-go trials at 50% (+/-10%). This block
consisted of 200 trials with 66 no-go trials presented in a pseudorandom order. Trial
duration started at 700ms but was decreased by 50ms for each correct no-go trial and was
increased by 50ms for each incorrect no-go trial. While participants could earn points
during this block, conditions were fixed such that all participants accrued points at the
same rate (Ametti, 2018).
In Block B (i.e., the frustration induction block), the pace of the trials was
accelerated, starting at 500ms and decreasing by 60ms after each correct no-go trial, but
only increasing by 30ms after incorrect no-go trials. In addition, during Block B,
participants were provided inaccurate feedback on the number of points they had accrued
such that their points decreased until participants had lost all the points they had accrued.
Block B contained 150 trials with 40 no-go trials.

26

In order to calculate RSA-R, mean RSA values were first calculated for Block A
(i.e., the non-emotional baseline block) and Block B (i.e., the frustration induction block).
Means from Block A were subtracted from means for Block B. Thus, negative RSA-R
values indicate RSA withdrawal (i.e., decreases in RSA in response to the stressor block),
whereas positive RSA-R values indicate RSA augmentation (i.e., increases in RSA in
response to the stressor block).
Measures of Metabolic Functioning. The following measures were used as
indicators to calculate a latent metabolic risk factor:
Waist Circumference. Trained research assistants obtained the Waist
Circumference (WC) of participants. Waist circumference was quantified in centimeters
and indexed the circumference of participants’ mid-section (National Heart, Lung, and
Blood Institute, 2018).
Body Mass Index. Trained research assistants obtained each individual’s height
and weight. Body Mass Index (BMI) was computed by dividing each participant’s body
mass in kilograms by the square of his/her height in meters. Thus, BMI is expressed in
kg/m2 (National Heart, Lung, and Blood Institute, 2018).
Systolic and Diastolic Blood Pressure. Nurses at The University of Vermont’s
Clinical Research Center collected each participant’s blood pressure. The metric for both
systolic blood pressure (SBP) and diastolic blood pressure (DBP) is mm/Hg. SBP is a
measure of the pressure exerted on arterial walls when the heart contracts, whereas DBP
is a measure of the pressure exerted on arterial walls when the heart is relaxed (National
Heart, Lung, and Blood Institute, 2018).
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High- and Low- Density Lipoprotein. Nurses at the University of Vermont’s
Clinical Research Center obtained blood samples from each participant. These samples
were analyzed by laboratory technicians at the University of Vermont’s Clinical Research
Center. High Density Lipoprotein (HDL) values were derived from these samples. HDL
is a complex particle composed of multiple proteins that serves to remove lipids (i.e., fat
molecules) from the blood. Colloquially, it is known as “good cholesterol.” Low Density
Lipoprotein (LDL) comprises most of the body’s cholesterol and is colloquially referred
to as “bad cholesterol” (National Heart, Lung, and Blood Institute, 2018).
Triglycerides. Trained nurses at the University of Vermont’s Clinical Research
Center obtained blood samples from each participant. These samples were analyzed by
laboratory technicians at the University of Vermont’s Clinical Research Center.
Triglyceride (TRI) levels were derived from these samples. Triglyceride values are a
measure of the amount of circulating fat in the blood (National Heart, Lung, and Blood
Institute, 2018).
Intelligence Quotient (IQ). Full scale IQ was approximated using scores from
the Vocabulary and Matrix Reasoning subtests of the Wechsler Abbreviated Scale of
Intelligence –Second Edition (WASI –II; Wechsler, 2011).
Data Analyses
The sample used for the present analyses was comprised of children and
adolescents who had participated in one of two family studies (N = 294). The design of
these two studies was slightly different, thus variables relevant to the present analyses
were not available for all participants. RSA-R and CBCL data were collected from the
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entire sample, whereas child- and parent- reports of adversity, YSR, parental RSA-R, and
metabolic data were only available for a subset of the sample (n = 158).
All analyses were conducted using Mplus 7.31 software (Muthén & Muthén,
2011). Descriptive statistics and inter-correlations for all variables were computed. Data
were inspected for normality. To accommodate patterns of missing-ness and nonnormality, maximum likelihood estimation robust to non-normality (MLR) was used in
all analyses. All analyses were first run using the largest portion of the sample available
(N = 294). When hypothesized effects were identified, analyses were re-run using the
sub-sample of cases (n = 113-117) for which all relevant variables were available. The
direction of effects and effect sizes obtained in the sub-sample were compared to results
obtained from analyses utilizing the entire sample.
Child IQ, child age, SES, and child sex were included as covariates in all models.
Given the presence of sibling pairs, clustering was used to control for family-relatedness.
Parent age and parent sex were also included as covariates in the exploratory analyses.
All continuous independent variables and covariates were mean-centered prior to the
computation of interaction terms and prior to model testing. Significant interactions were
probed using simple slopes analysis (Aiken & West, 1991; Dawson & Richter, 2006).
Hypothesis 1. It was hypothesized that among children and adolescents RSA-R
would significantly moderate the association between self- and parent- reported adversity
and self- and parent- reported internalizing and externalizing symptoms. More
specifically, it was hypothesized that the association between adversity and symptoms of
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psychopathology would be stronger in children and adolescents who evidenced blunted
RSA-R withdrawal and/or RSA-R augmentation (see Figure 2).
Analysis 1a. While controlling for child IQ, child sex, child age, SES, and familyrelatedness path analysis was used to explore the extent to which parent- and childreported intra- and extra- familial adversity, RSA-R, and their interaction predicted
parent- and child- reported internalizing and externalizing symptoms. When significant
interactions were identified, the simple slope of the association between adversity and
psychopathology was plotted at low (-1 SD) and high (+1 SD) values of the moderator
(i.e., RSA-R). As described by Aiken and West (1991) and Dawson and Richter (2006),
significance tests were used to determine whether slopes were significantly different from
zero. Given that analysis 1a required that 16 models be tested, when hypothesized
interactions were identified, Bonferroni correction for multiple comparisons was utilized.

High
Low

Symptoms of Psychopatholgoy

Figure 2. Hypothesized Interaction between Adversity and RSA-R on Symptoms of
Psychopathology

Low Adversity

High Adversity

Analysis 1b. In order to fully test the hypothesis that RSA-R moderates the
association between adversity and mental health it was deemed necessary to also test
whether RSA-R mediates the association between adversity and mental health symptoms.
30

The possibility that RSA-R might mediate the association between adversity and mental
health was tested using the following analytic strategy: the direct effect of adversity on
RSA-R, the direct effect of RSA-R, on mental health, and the overall indirect effect
operating through RSA-R were computed. In addition, the direct effect of adversity on
mental health was computed with and without RSA-R included in models.
Hypothesis 2. We hypothesized that RSA-R would significantly moderate the
association between adversity and metabolic functioning such that the association
between adversity and a latent factor indexing metabolic dysfunction would be stronger
in children and adolescents who evidenced greater levels of RSA-R withdrawal.
Analysis 2a. Confirmatory Factor Analysis was used to explore the extent to
which WC, SBP, DBP, BMI, HDL, LDL, and TRI loaded onto a latent metabolic risk
factor. To account for non-normality of indicator variables, the maximum likelihood
parameter estimates with standard error and chi-square test-statistic robust to nonnormality (MLR) was used. Each indicator was treated as continuously scaled, resulting
in the use of a Pearson covariance matrix and linear regressions for factor loadings.
Goodness of fit was evaluated using the chi-square (χ2), standardized root mean square
residual (SRMR), root mean square error of approximation (RMSEA), comparative fit
index (CFI), and the Tucker Lewis index (TLI). Guided by suggestions provided by Hu
and Bentler (1999), adequate model fit was defined using the following criteria: RMSEA
(≤ 0.06), SRMR (≤ 0.08), CFI (≥ 0.95), and TLI (≥ 0.95). In addition, only well
performing indicators (i.e., λ ≥ 0.40 [standardized]) (Brown, 2006) were retained in
models.
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Figure 3. Hypothesized Relationship between Indicators and Latent Metabolic Factor

Analysis 2b. While controlling for child IQ, SES, child sex, child age, and
family-relatedness path analyis was used to explore the extent to which adversity, RSAR, and their interaction predicted factor scores on a factor indexing metabolic
dysfunction. For significant interactions, the simple slope of the association between
adversity and metabolic dysfunction was plotted at low (-1 SD) and high (+1 SD) values
of the moderator (i.e., RSA-R). As described by Aiken and West (1991) and Dawson and
Richter (2006), significance tests were used to determine whether these simple slopes
were significantly different from zero (See Figure 4).

Metabolic Dysfunction
Low

High

Figure 4. Hypothesized Interaction between Adversity and RSA-R on Metabolic Factor
Score

Low Adversity

High Adversity
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Analysis 2c. In order to fully test the hypothesis that RSA-R moderates the
association between adversity and metabolic health it was also deemed necessary to test
whether RSA-R mediates the association between adversity and metabolic health. The
possibility that RSA-R might mediate the association between adversity and metabolic
health was tested by computing the direct effect of adversity on RSA-R, the direct effect
of RSA-R on metabolic health, and the overall indirect effect operating through RSA-R.
In addition, the direct effect of adversity on metabolic health was computed with and
without RSA-R included as a mediator.
Hypothesis 3
In our exploratory analysis, we hypothesized that while controlling for child IQ,
child sex, child age, SES, parent sex, parent age, and sibling relatedness, parental RSA-R
would moderate the association between parental adversity and child RSA-R such that
the relationship between parental adversity and child RSA-R would be stronger among
parents who evidenced blunted RSA-R withdrawal and/or RSA-R augmentation.
Analysis 3a. While controlling for child IQ, SES, child sex, child age, parent sex,
parent age, and family-relatedness the present study used path analysis to explore the
association between parental adversity, parental RSA-R, and child RSA-R. For
significant interactions, the simple slope of the association between parental adversity
and child RSA-R was plotted at low (-1 SD) and high (+1 SD) values of the moderator
(i.e., parental RSA-R). As described by Aiken and West (1991) and Dawson and Richter
(2006), significance tests were used to determine whether these simple slopes were
significantly different from zero (see Figure 5).
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Withdrawal

Child RSA-R

Figure 5. Hypothesized Interaction between Parental Adversity, Parental RSA-R, and
child RSA-R.
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Analysis 3b. In order to fully test the hypothesis that parental RSA-R moderates
the association between parental adversity and child RSA-R, it was deemed necessary to
also test whether parental RSA-R mediates the association between parental adversity
and child RSA-R. In order to test for mediation, the direct effect of parental adversity on
parental RSA-R, the direct effect of parental RSA-R on child RSA-R, and the overall
indirect effect operating through parental RSA-R were computed. In addition, the direct
effect of parental adversity on child RSA-R was calculated with and without parental
RSA-R included in models.
Power
An a priori power analysis suggested that given the sample size (N = 294) the path
analysis proposed in Analysis 1 was powered to detect effects as small as 0.07 (Faul,
Erdfelder, Lang, & Buchner, 2007). With respect to Analysis 2a and 2b, given our sample
size (N = 294) an a priori power analysis suggested that we were adequately powered to
test models with roughly 28 parameters, yet our most complex model had 17 parameters.
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For analysis 3, an a priori power analysis suggested that the proposed path analysis was
powered to detect effects as small as 0.07 (N = 294) (Faul, et al., 2007).
Results
Specific Aim 1
We hypothesized that while controlling for child age, child sex, SES, child IQ,
and family relatedness, RSA-R would significantly moderate the association between
child- and parent- reported intra- and extra- familial adversity and child- and parentreported internalizing and externalizing symptoms. In order to test this hypothesis, we
conducted Analysis 1a and Analysis 1b. In Analysis 1a, we ran 16 moderation models
exploring the main and interactive effects of RSA-R and four classes of adversity (parentreported intrafamilial adversity, parent-reported extrafamilial adversity, child-reported
intrafamilial adversity, and child-reported extrafamilial adversity) on four metrics of
mental health (parent-reported internalizing symptoms, child-reported internalizing
symptoms, parent-reported externalizing symptoms, and child-reported externalizing
symptoms). In Analysis 1b, we ran 16 mediation models exploring the mediating effect
of RSA-R on the association between these same classes of adversity and mental health
outcomes.
Analysis 1a Moderation Models
A series of path analysis models were run utilizing parent- and child- reported
intra- and extra- familial adversity exposure and parent- and child- reported internalizing
and externalizing symptoms. Descriptive information and inter-correlations among
relevant variables are presented in Table 1.
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Parent-reported Intrafamilial Adversity
CBCL Internalizing. The overall model accounted for a significant portion of
the variance in parent-reported internalizing symptoms (R2 = 0.16, SE = 0.05, p < 0.005).
While controlling for child IQ (B = -0.12, SE = 0.06 p < 0.05), child age (B = -0.27, SE =
0.23, p = 0.23), child sex, (B = 1.50 SE = 1.35, p = 0.27) and SES (B = -0.05, SE = 0.03,
p = 0.11), parent-reported intrafamilial adversity was significantly and positively
associated with parent-reported internalizing symptoms (B = 0.52, SE = 0.19, p < 0.01).
However, neither the main effect of RSA-R (B = -0.02, SE = 0.04 p = 0.55) nor the
interaction between adversity and RSA-R (B = -0.02, SE = 0.01 p = 0.30) were
significantly associated with parent-reported internalizing symptoms.
YSR Internalizing. The overall model accounted for a significant portion of the
variance in child-reported internalizing symptoms (R2 = 0.12, SE = 0.06, p < 0.05). While
controlling for child IQ (B = -0.14, SE = 0.09, p = .88), child age (B = -0.10, SE = 0.40 p
= 0.90), child sex (B = -0.79, SE = 2.22, p = 0.72), and SES (B = -0.12, SE = 0.05, p <
0.05), parent-reported intrafamilial adversity was significantly and positively associated
with child-reported internalizing symptoms (B = 0.43, SE = 0.22, p < 0.05). However,
neither the effect of RSA-R (B = 0.02, SE = 0.07, p = 0.78) nor the interaction between
adversity and RSA-R (B = -0.01, SE = 0.01, p = 0.72) were significantly associated with
child-reported internalizing symptoms.
CBCL Externalizing. The overall model accounted for a significant portion of
the variance in parent-reported externalizing symptoms (R2 = 0.30, SE = 0.06, p < 0.001).
While controlling for child IQ (B = -0.27, SE = -0.06, p < .001), child age (B = -0.81, SE
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= 0.24, p < 0.005), child sex (B = -2.62, SE = 1.27, p < 0.05), and SES (B = 0.01, SE =
0.03, p = 0.70), parent-reported intrafamilial adversity was significantly and positively
associated with parent-reported externalizing symptoms (B = 0.78, SE = 0.17, p < 0.001).
However, neither the effect of RSA-R (B = -0.01, SE = 0.01, p = 0.75) nor the interaction
between adversity and RSA-R (B = -0.02, SE = 0.01, p = 0.11) were significantly
associated with parent-reported externalizing symptoms.
YSR Externalizing. The overall model accounted for a significant portion of the
variance in child-reported externalizing symptoms (R2 = 0.23, SE = 0.09, p < 0.01). While
controlling for child IQ (B = -0.11, SE = 0.06, p = 0.07), child age (B = 0.10, SE = 0.21 p
= 0.63), child sex (B = -1.5, SE = 1.17, p = 0.19), and SES (B = -0.03, SE = 0.03, p =
0.28), parent-reported intrafamilial adversity was significantly and positively associated
with child-reported externalizing symptoms (B = 0.42, SE = 0.19 p < 0.05). However,
neither the effect of RSA-R (B = -0.03, SE = 0.03 p = 0.39) nor the interaction between
adversity and RSA-R (B = -0.01, SE = 0.01 p = 0.61) were significantly associated with
child-reported externalizing symptoms.
Parent-reported Extrafamilial Adversity
CBCL Internalizing. The overall model accounted for a significant portion of the
variance in parent-reported internalizing symptoms (R2 = 0.14, SE = 0.05, p < 0.01).
While controlling for child IQ (B = -0.07, SE = 0.06, p = 0.25), child age (B = -0.26, SE
= 0.24, p = 0.27), child sex (B = 0.69, SE = 1.32, p = 0.60), and SES (B = -0.08, SE =
0.03, p < 0.005) parent-reported extrafamilial adversity was significantly and positively
associated with parent-reported internalizing symptoms (B = 0.55, SE = 0.20, p < 0.01).
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However, neither the effect of RSA-R (B = 0.00, SE = 0.05, p = 0.09) nor the interaction
between adversity and RSA-R (B = -0.03, SE = 0.02, p = 0.94) were significantly
associated with parent-reported internalizing symptoms.
YSR Internalizing. The overall model accounted for a significant portion of the
variance in child-reported internalizing symptoms (R2 = 0.13, SE = 0.07, p < 0.05). While
controlling for child IQ (B = 0.01, SE = 0.10, p = 0.88), child age (B = -0.14, SE = 0.39,
p = 0.72), child sex (B = -1.59, SE = 2.12, p = 0.45), and SES (B = -0.13, SE = 0.05, p <
0.005), the effect of parent-reported extrafamilial adversity (B = 0.62, SE = 0.33, p =
.06), RSA-R (B = .03, SE = 0.07, p = 0.66), and the adversity and RSA-R interaction (B
= -0.00, SE = 0.02, p = 0.67) were all non-significant.
CBCL Externalizing. The overall model accounted for a significant portion of
the variance in parent-reported externalizing symptoms (R2 = 0.20, SE = 0.05, p < 0.001).
While controlling for child IQ (B = -0.24, SE = 0.05, p < 0.001), child age (B = -0.62, SE
= 0.26 p < 0.02), child sex (B = -3.41, SE = 1.34, p < 0.01), and SES (B = -0.05, SE =
0.03, p = 0.09) the effects of parent-reported extrafamilial adversity (B = 0.06, SE = 0.25
p = 0.82), RSA-R (B =.04, SE = 0.05, p = 0.43), and the adversity and RSA-R interaction
(B = 0.03, SE = 0.02, p = 0.16) were all non-significant.
YSR Externalizing. The overall model accounted for significant portion of the
variance in child-reported externalizing symptoms (R2 = 0.16, SE = 0.08, p < 0.05). While
controlling for child IQ (B = -0.10, SE = 0.06, p = 0.11), child age (B = 0.22, SE = 0.22,
p = 0.32), child sex (B = -2.28, SE = 1.13, p < 0.05), and SES (B = -0.60, SE = 0.03, p <
0.05), the effect of parent-reported extrafamilial adversity (B = -.02, SE = .21, p = 0.94),
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RSA-R (B = -0.02, SE = 0.03, p = 0.56), and the adversity and RSA-R interaction (B =
0.01, SE = 0.01, p = 0.34) were all non-significant.
Child-reported Intrafamilial Adversity
CBCL Internalizing. The overall model accounted for a significant portion of the
variance in parent-reported internalizing symptoms (R2 = 0.22, SE = 0.09, p < 0.05)
While controlling for child IQ (B = -0.11, SE = 0.06 p < 0.05), child age (B = -0.39, SE =
0.22, p = 0.07), child sex (B = 1.25, SE = 1.29, p = 0.34) and SES (B = -0.12, SE = 0.03 p
= 0.05), child-reported intrafamilial adversity (B = 0.47, SE = 0.21, p < 0.05)
significantly and positively predicted parent-reported internalizing symptoms. The main
effect of RSA-R (B = -0.03, SE = 0.04, p = 0.50) was not significant, but the interaction
between RSA-R and adversity (B = 0.03, SE = 0.01, p < 0.05) was significant. Given
patterns of missingness, this analysis was re-run in a sub-sample (n = 116) for which all
data were available. The effect sizes, standard errors, and patterns of significance
obtained in the sub-sample were comparable to those obtained in the larger sample [IQ (B
= -0.09, SE = 0.07, p = 0.18), age (B = -0.25,SE = 0.22, p = 0.27), sex (B = -0.31, SE =
1.36, p = 0.82) SES (B = -0.13, SE = 0.04 p < 0.005), adversity (B = 0.47, SE = 0.20, p <
0.05), RSA-R (B = -0.01, SE = 0.05, p = 0.90), adversity and RSA-R interaction (B =
0.02, SE = 0.01, p < 0.05)].
This significant interaction was probed using simple slopes analyses (Aiken &
West, 1991; Dawson & Richter, 2006) and the larger sample. Child-reported experiences
of intrafamilial adversity were positively associated with parent-reported internalizing
symptoms, however this effect was moderated by RSA-R. Among individuals who
39

evidenced RSA-R augmentation, the slope (B = 0.91, p < 0.005) of the association
between adversity and internalizing symptoms was significant. However, among
individuals who evidenced RSA-R withdrawal the slope of the association between
adversity and internalizing symptoms was non-significant (B = 0.03, p = 0.92). As
illustrated in Figure 6, the highest levels of internalizing symptoms were seen among
those who evidenced RSA-R augmentation combined with high levels of adversity
exposure, whereas the lowest levels of internalizing symptoms were seen among those
who evidenced RSA-R augmentation and low levels of adversity exposure.
Figure 6. Two-way Interaction between Child-reported Intrafamilial Adversity and RSAR in the Prediction of Parent-reported Internalizing Symptoms.
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YSR Internalizing. The overall model accounted for significant portion of the
variance in parent-reported internalizing symptoms (R2 = 0.28, SE = 0.07, p < 0.001).
While controlling for child IQ (B = -0.03, SE = 0.08, p = 0.71), child age (B = -0.37, SE
= 0.33, p = 0.27), child sex (B = -0.08, SE = 2.05, p = 0.97), and SES (B = -0.07, SE =
0.04, p = 0.06), the effect of child-reported intrafamilial adversity was significantly and
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positively (B =1.04, SE = 0.22 p < 0.001) associated with child-reported internalizing
symptoms. However, the effect of RSA-R (B = -0.01, SE = 0.06 p = 0.90), and the RSAR and adversity interaction (B = 0.00, SE = 0.01, p = 0.78) were non-significant.
CBCL Externalizing. The overall model accounted for significant portion of the
variance in child-reported externalizing symptoms (R2 = 0.26, SE = 0.06, p < 0.001).
While controlling for child IQ (B = -0.26, SE = 0.05, p < 0.001), child age (B = -0.85, SE
= 0.25 p < .005), child sex (B = -2.67, SE = 1.29, p < 0.04), and SES (B = -0.00, SE =
0.03, p = 0.79), the effect of child-reported intrafamilial adversity was significantly and
positively (B = 0.57, SE = 0.21, p < 0.01) associated with parent-reported externalizing
symptoms. However, the effect of RSA-R (B = 0.01, SE = 0.04 p = 0.90), and the RSA-R
and adversity interaction (B = 0.01, SE = 0.01, p = 0.26) were non-significant.
YSR Externalizing. The overall model accounted for a significant portion of the
variance in child-reported externalizing symptoms (R2 = 0.33, SE = 0.08, p < 0.001).
While controlling for child IQ (B = -0.11, SE = 0.05, p = 0.05), child age (B = 0.01, SE =
0.18, p = 0.94), child sex (B = -1.17, SE = 1.05, p = 0.27), and SES (B = -0.01, SE =
0.03, p = 0.59), the effect of child-reported intrafamilial adversity was significantly and
positively (B = 0.61, SE = 0.12, p < 0.001) associated with child-reported externalizing
symptoms. However, the effect of RSA-R (B = -0.04, SE = 0.03, p = 0.12), and the RSAR and adversity interaction (B = -0.00, SE = 0.01, p = 0.46) were non-significant.
Bonferroni Correction for Child-reported Intrafamilial Models. Given the
significant interactive effect obtained in the child-reported intrafamilial adversity
analyses, we examined which effects would survive correction for multiple comparisons.
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As such, the alpha level was adjusted using the Bonferroni Correction, which lead to a
more stringent threshold for significance (p ≤ .0125). The significant effects described
above did not survive this correction. Indeed, the effect of SES (B = -0.06, p = 0.05), IQ
(B = -0.12, p = 0.03), the effect of child-reported intrafamilial adversity (B = 0.47, p =
0.03), and the interaction between adversity and RSA-R (B = 0.03, p = 0.05) were no
longer significant, suggesting that findings of this magnitude may be spurious within the
context of multiple comparisons.
Child-reported Extrafamilial Adversity
CBCL Internalizing. The overall model accounted for a significant portion of the
variance in parent-reported internalizing symptoms (R2 = 0.19, SE = 0.06, p < 0.05).
While controlling for child IQ (B = -0.107, SE = 0.05, p < 0.05), child age (B = -0.36, SE
= 0.22, p = 0.11), child sex (B = 1.56, SE = 1.25, p = 0.21), and SES (B = -0.084, SE =
0.03, p < 0.005), child-reported extrafamilial adversity (B = 0.37, SE = 0.13, p < 0.01)
was significantly and positively associated with parent-reported internalizing symptoms.
The main effect of RSA-R (B = -0.05, SE = 0.04, p = 0.23) was not significant, but the
interaction between RSA-R and adversity (B = 0.02, SE = 0.01, p < 0.005) was
significant. Given patterns of missingness, this analysis was re-run in a sub-sample (n =
116) for which all data were available. The effect sizes, standard errors, and patterns of
significance obtained in the sub-sample were comparable to those obtained in the larger
sample [IQ (B = -0.07, SE = 0.07, p = 0.28), age (B = -0.19, SE = 0.22, p = .39), sex (B =
-.14, SE = 1.38, p = 0.92) SES (B = -1.61, SE = 0.03, p < 0.001), adversity (B = 0.47, SE
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= 0.10 p < 0.02), RSA-R (B = -.006, SE = 0.05 p = 0.91), adversity and RSA-R
interaction (B = 0.021, SE = 0.01, p = 0.07)].
This significant interaction was probed using simple slopes analyses (Aiken &
West, 1991; Dawson & Richter, 2006) and the larger sample. Experiences of adversity
were positively associated with parent-reported internalizing symptoms, however this
effect was moderated by RSA-R. Among individuals who evidenced RSA-R
augmentation, the slope (B = 0.78, p < 0.001) of the association between adversity and
internalizing symptoms was significant. However, among individuals who evidenced
RSA-R withdrawal the slope of the association between adversity and internalizing
symptoms was non-significant (B = -.04, p = 0.87). As illustrated in Figure 7, the highest
levels of internalizing symptoms were seen among those who evidenced RSA-R
augmentation combined with high levels of adversity exposure, whereas the lowest levels
of internalizing symptoms were seen among those who evidenced RSA-R augmentation
and low levels of adversity exposure.

43

Figure 7. Two-way Interaction between Child-reported Extrafamilial Adversity and
RSA-R in the Prediction of Parent-reported Internalizing Symptoms.
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Notes: Simple slopes were tested at 1 SD above and below the mean.
*Indicates a statistically significant slope at p < 0.001 level
YSR Internalizing. The overall model accounted for a significant portion of the
variance in child-reported internalizing symptoms (R2 = 0.28, SE = 0.08, p < 0.001).
While controlling for child IQ (B = -0.03, SE = 0.02, p = 0.66), child age (B = -0.45, SE
= 0.41, p = 0.23), child sex (B = -.91, SE = 2.10, p = .65) and SES (B = -0.12, SE = 0.05,
p < 0.05), child-reported extrafamilial adversity (B = 0.79, SE = 0.16, p < 0.001) was
significantly and positively associated with child-reported internalizing symptoms. The
main effect of RSA-R (B = -0.01, SE = 0.06 p < 0.85) was not significant, but the
interaction between RSA-R and adversity (B = 0.02, SE = 0.01 p < 0.005) was
significant. Given patterns of missingness, this analysis was re-run in a sub-sample (n =
113) for which all data were available. The effect sizes, standard errors, and patterns of
significance obtained in the sub-sample were comparable to those obtained in the larger
sample [IQ (B = 0.02, SE = 0.07, p = 0.82), age (B = -0.71, SE = 0.41, p = 0.09), sex (B =
-2.90, SE = 2.10, p = 0.18) SES (B = -1.21, SE = 0.05, p < .05), adversity (B = 0.76, SE =
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0.16, p < 0.001), RSA-R (B = 0.001, SE = 0.06, p = 0.99), adversity and RSA-R
interaction (B = 0.02, SE = 0.01, p < 0.005)].
This significant interaction was probed using simple slopes analyses (Aiken &
West, 1991; Dawson & Richter, 2006) and the larger sample. Experiences of adversity
were positively associated with child-reported internalizing symptoms, however this
effect was moderated by RSA-R. Among individuals who evidenced RSA-R
augmentation, the slope (B = 1.18, p < 0.001) of the association between adversity and
internalizing symptoms was significant. However, among individuals who evidenced
RSA-R withdrawal the slope of the association between adversity and internalizing
symptoms was non-significant (B = 0.40, p = 0.08). As illustrated in Figure 8, the highest
levels of internalizing symptoms were seen among those who evidenced RSA-R
augmentation combined with high levels of adversity exposure, whereas the lowest levels
of internalizing symptoms were seen among those who evidenced RSA-R augmentation
and low levels of adversity exposure.
Figure 8. Two-way Interaction between Child-reported Extrafamilial Adversity and
RSA-R in the Prediction of Child-reported Internalizing Symptoms.
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CBCL Externalizing. The overall model accounted for a significant portion of
the variance in parent-reported externalizing symptoms (R2 = 0.22, SE = 0.05, p < 0.001).
While controlling for child IQ (B = -0.24, SE = 0.05, p < 0.001), child age (B = -.81, SE
= 0.26 p < 0.01), child sex (B = -3.14, SE = 1.29 p < 0.02), and SES (B = -0.03, SE =
0.03 p = 0.34), the effect of child-reported extrafamilial adversity was significantly and
positively (B = 0.41, SE = 0.18, p < 0.05) associated with parent-reported externalizing
symptoms. However, the effects of RSA-R (B = 0.03, SE = 0.05 p = 0.53), and the RSAR and adversity interaction (B = -0.01, SE = 0.01, p = 0.68) were non-significant.
YSR Externalizing. The overall model accounted for a significant portion of the
variance in child-reported externalizing symptoms (R2 = 0.29, SE = 0.08, p < 0.001).
While controlling for child IQ (B = -0.11, SE = 0.06, p < 0.05), child age (B = -0.01, SE
= 0.19, p = 0.95), child sex (B = -1.94, SE = 0.98, p < 0.05) and SES (B = -0.4, SE =
0.03, p = 0.13), the effect of child-reported extrafamilial adversity was significantly and
positively (B = 0.44, SE = 0.11, p < 0.001) associated with child-reported externalizing
symptoms. However, the effects of RSA-R (B = -0.03, SE = 0.03, p = 0.24), and the
RSA-R and adversity interaction (B = 0.00, SE = 0.00, p = 0.63) were non-significant.
Bonferroni Correction for Child-reported Extrafamilial Models. Given the
significant interactive effect obtained in the child-reported extrafamilial adversity
analyses, we examined which effects would survive correction for multiple comparisons.
As such, the alpha level was adjusted using a Bonferroni Correction, which led to a more
stringent threshold for significance (p ≤ .0125). The significant effects described above
survived this correction. For the parent-reported internalizing symptoms analysis, the
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effect of SES (B = -0.08, p = 0.004), child-reported extrafamilial adversity (B = 0.37, p =
0.006), and the interaction between RSA-R and adversity (B = 0.02, p = 0.004) remained
statistically significant following correction. Similarly, for the child-reported
internalizing symptoms analysis, the effect of SES (B = -0.12, p = 0.007), child-reported
extrafamilial adversity (B = .79, p = 0.000), and the interaction between adversity and
RSA-R (B = 0.02, p = 0.002) remained statically significant following correction.
Analysis 1b Mediation Models
In Specific Aim 1, we hypothesized that RSA-R would moderate the association
between adversity and mental health symptoms and this hypothesis was specifically
tested and partially supported in Analysis 1a. Given the theoretical plausibility that RSAR might, instead, mediate the association between adversity and mental health symptoms,
16 mediation models were also tested using four classes of adversity (parent-reported
intrafamilial adversity, parent-reported extrafamilial adversity, child-reported
intrafamilial adversity, and child-reported extrafamilial adversity) and four metrics of
mental health (parent-reported internalizing symptoms, parent-reported externalizing
symptoms, child-reported internalizing symptoms, child-reported externalizing
symptoms).
In each of the 16 models tested, the following parameters were computed: the
direct effect of adversity on RSA-R, the direct effect of RSA-R on mental health, and the
overall indirect effect operating through RSA-R. In addition, for each of these models,
the direct effect of adversity on mental health was compared with and without RSA-R
included as a mediator. In all of the tested models, the direct effect of adversity on RSA47

R, the direct effect of RSA-R on mental health, and the overall indirect effect operating
through RSA-R were not significant. In addition, the direct effect of adversity on mental
health was unchanged with and without RSA-R included as a mediator. These results are
presented in Table 2. Together, these results suggest that RSA-R does not mediate the
relationship between adversity and mental health symptoms.
Summary of Analysis 1a and Analysis 1b
In Specific Aim 1, we hypothesized that RSA-R would moderate the relationship
between adversity and mental health symptoms. The results of Analysis 1a partially
support this hypothesis. Indeed, in three of the 16 moderation models tested, RSA-R
significantly moderated the association between adversity and mental health and the
nature of this interaction was in the hypothesized direction. However, our hypothesis was
not supported in the remaining 13 moderation models.
In Analysis 1b, we tested whether RSA-R might mediate the association between
adversity and mental health. In all 16 of the mediation models, the effect of adversity on
mental health symptoms did not operate through RSA-R. Thus, the possibility that RSAR mediates the association between adversity and mental health in these data was
rejected. Taken together, Analysis 1a and Analysis 1b suggest that for certain classes of
adversity and specific mental health outcomes, RSA-R exerts a moderating rather than
mediating influence on the association between adversity and mental health.
Notably, in the comparison of mediation and moderation models described above,
we chose to compare parameter estimates rather than compare overall fit statistics. This
was due to the fact that the simple moderation models we tested were just identified. As
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such, they did not yield overall fit statistics that could be compared to mediation models.
The mediation models we tested did provide fit-statistics. Nevertheless, for the curious
reader, theoretically plausible covariance statements were added to the tested moderation
models so that overall fit statistics could be obtained. The overall fit statistics for the 16
moderation models (with covariance statements added) and the 16 mediation models
described in Analysis 1a and Analysis 1b, respectively are included in Appendix A.
Specific Aim 2
In Specific Aim 2, we hypothesized that RSA-R would moderate the association
between adversity and metabolic health. In order to test this hypothesis we conducted
Analysis 2a, Analysis 2b, and Analysis 2c. In Analysis 2a, we obtained a well-fitting
latent metabolic factor. In Analysis 2b, we extracted factor scores based on this latent
metabolic factor and tested four models exploring whether RSA-R moderates the
association between four classes of adversity (parent-reported intrafamilial adversity,
parent-reported extrafamilial adversity, child-reported intrafamilial adversity, and childreported extrafamilial adversity) and metabolic functioning. In analysis 2c, we tested an
alternative explanation and examined whether RSA-R mediates the association between
these same four classes of adversity and metabolic health.
Analysis 2a Confirmatory Factor Analysis
In Analysis 2a, we sought to obtain a well-fitting latent metabolic factor. We
hypothesized that confirmatory factor analysis would identify a well-fitting latent
variable using the following indicators: WC, SBP, DBP, BMI, HDL, LDL, and TRI.
Metrics of metabolic data were only available among a subset of these data (n = 146) and
confirmatory factor analysis was conducted with this portion of the sample. To account
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for non-normality of indicator variables, the maximum likelihood parameter estimates
with standard error and chi-square test statistic robust to non-normality (MLR) was used.
Descriptive statistics and inter-correlations of the indicator variable are listed in Table 3.
Confirmatory Factor Analysis indicated that the hypothesized model in which WC, BMI,
DBP, SBP, HDL, LDL, and TRI loaded on to a latent metabolic factor offered marginal
fit to these data (χ2(14) = 64.79, p < 0.001, TLI = 0.76, CFI = 0.84, SRMR = 0.09,
RMSEA = 0.16 (90% CI [0.12-0.20]), AIC = 7026.42 BIC = 7089.07). The results of this
model suggested that three of the hypothesized indicators (DBP (λ = 0.19), LDL (λ =
0.18), and triglycerides (λ = 0.38)) did not load well on to the hypothesized factor (i.e.,
had factor loadings less than λ = 0.40 [standardized]) (Brown, 2006). These items were
dropped from the model. The revised CFA provided good fit to these data (χ2(2) = 0.58, p
= 0.58, TLI = 1.00, CFI = 1.00, SRMR = .01, RMSEA = 0.00 (90% CI [0.00-0.13]), AIC
= 3764.40 BIC = 3800.21). In the revised model, all factor loadings exceeded the λ =
0.40 threshold (Brown, 2006). All model fit criteria favored the model with the poorly
performing indicators dropped from the model. Further, nested model comparisons using
the Satorra-Bentler chi-square difference test (Satorra & Bentler, 2001) indicated that the
revised model offered significantly better fit (Δχ2(2) = 64.32, p < 0.001). The final model
is depicted in Figure 9.
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Figure 9. The Well-fitting Metabolic Factor

Note: All parameter estimates are fully standardized.
*significant at the p < 0.05 level
Analysis 2b Moderation Models
In Analysis 2b, we tested the hypothesis that RSA-R would moderate the
association between adversity and metabolic functioning. Using the well-fitting model
depicted in Figure 9, factor scores were extracted. Factor scores ranged from -1.36 to
3.52 (M = 0, SD = 1) with higher factor scores indicating a greater degree of metabolic
dysfunction. Using the entire sample (N = 294), the hypothesis that the relationship
between adversity and metabolic dysfunction would be moderated by RSA-R was tested
using path analysis. Four moderation models were tested using the following classes of
adversity: parent-reported intrafamilial adversity, parent-reported extrafamilial adversity,
child-reported intrafamilial adversity, and child-reported extrafamilial adversity.
Descriptives and inter-correlations among relevant variables are presented in Table 4.
Parent-reported Intrafamilial Adversity. Overall, this model accounted for a
significant portion of the variance in metabolic factor scores (R2 = 0.36, SE = 0.06, p <
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0.001). While controlling for child sex (B = -0.38, SE = 0.12, p < 0.001), child age (B =
0.14, SE = 0.03, p < 0.001), child IQ (B = .00, SE = 0.01, p = 0.90), and SES (B = -0.10,
SE = 0.00 p < .05), the main effect of adversity (B = 0.04, SE = 0.02, p < 0.05) was
significantly and positively associated with metabolic dysfunction. However, neither the
main effect of RSA-R (B = -0.003, SE = 0.00, p = 0.43), nor the interaction between
RSA-R and adversity (B = -0.00, SE = 0.00, p = 3.43) were significant.
Parent-reported Extrafamilial Adversity. Overall, this model accounted for a
significant portion of the variance in metabolic factor scores (R2 = 0.59, SE = 0.10, p <
0.001). While controlling for child sex (B = -0.49, SE = 0.12, p < .001) child age (B =
0.15, SE = 0.03, p < 0.001), child IQ (B = 0.00, SE = 0.01, p = 0.90) and SES (B = -0.01,
SE = 0.00, p < 0.05) the main effect of adversity (B = 0.02, SE = 0.02 p = 0.37), the main
effect of RSA-R (B = -0.00, SE = 0.00, p = 0.43), and the interaction between adversity
and RSA-R (B = -0.00 SE = 0.00, p = 0.34) were not significant.
Child-reported Intrafamilial Adversity. Overall, this model accounted for a
significant portion of the variance in metabolic factor scores (R2 = 0.33, SE = 0.06, p <
0.001). While controlling for child sex (B = -0.45, SE = 0.12, p < 0.001) child age (B =
0.15, SE = 0.03, p < 0.001), child IQ (B = 0.00, SE = 0.01 p = 0.75) and SES (B = -0.01,
SE = 0.00 p < 0.05) the main effect of adversity (B = 0.01, SE = 0.02, p = 0.25), the main
effect of RSA-R (B = -0.00, SE = 0.00, p = 0.48), and the interaction between adversity
and RSA-R (B = -0.00, SE = 0.00 p = 0.30) were not significant.
Child-reported Extrafamilial Adversity. Overall this model accounted for a
significant portion of the variance in metabolic factor scores (R2 = 0.58, SE = 0.09, p <
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0.001). While controlling for child sex (B = -.51, p < 0.001), child age (B = .15, SE =
0.03, p < 0.001), child IQ (B = .00, SE = 0.01, p = 0.74), and SES (B = -.01, SE = 0.00, p
< 0.005), neither the main effect of adversity (B = 0.02, SE = 0.01, p = 0.31) nor the main
effect of RSA-R (B = -0.00, SE = 0.00, p = 0.85) were significant. However, the
interaction between adversity and RSA-R was significant (B = -0.002, SE = 0.00 p <
0.005). Given patterns of missingness, this analysis was re-run in a sub-sample (n = 117)
for which all data were available. The effect sizes, direction of effects, and standard
errors were comparable to those obtained in the larger sample [sex (B = -0.43, SE = 0.12,
p < 0.001), age (B = 0.16, SE = 0.03, p < 0.001), IQ (B = 0.00, SE = 0.01, p = 0.96), SES
(B =-0.01, SE = 0.00, p < 0.05), adversity (B = -0.02, SE = 0.01, p = 0.08), RSA-R (B = 0.00, SE = 0.00, p = 0.84), adversity and RSA-R interaction (B = 0.002, SE = 0.01, p <
0.005)].
Notably, the effect size of this interaction is extremely small, and occurred within
the context of non-significant main effects. Thus, although the interaction was probed
using simple slopes analyses (Aiken & West, 1991; Dawson & Richter, 2006), the results
reported below must be interpreted with caution. Nevertheless, as illustrated in Figure 10,
among individuals who evidenced RSA-R withdrawal, the association between childreported extrafamilial adversity and metabolic dysfunction was significant and positive
(B = 0.05, p < 0.05). However, among individuals who evidenced RSA-R augmentation
the association between child-reported extrafamilial adversity and metabolic dysfunction
was non-significant (B = -0.003, p = 0.85).
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Figure 10. Two-way Interaction between Child-reported Extrafamilial Adversity and
RSA-R in the Prediction of Metabolic Dysfunction
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Bonferroni Correction for Metabolic Analyses. Given the significant
interactive effect obtained in the metabolic analyses, we examined which effects would
survive correction for multiple comparisons. As such, the alpha level was adjusted using
a Bonferroni Correction, which led to a more stringent threshold for significance (p ≤
0.0125). For the parent-reported intrafamilial analysis, the main effect of adversity (B =
0.04, p = 0.02) did not remain significant with this correction. However, for the childreported extrafamilial adversity analysis, the effect of sex (B = -.42, p = 0.000), age (B =
0.16, p = 0.000), SES (B = -0.01, p = 0.005), and the adversity and RSA-R interaction (B
= -0.002, p = 0.002) remained statistically significant.
Analysis 2c Mediation Models
In Specific Aim 2, we hypothesized that RSA-R would moderate the association
between adversity and metabolic health and this hypothesis was specifically tested and
partially supported in Analysis 2b. Given the theoretical plausibility that RSA-R might,
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instead, mediate the association between adversity and metabolic health, four mediation
models were also conducted testing the mediating influence of RSA-R on the relationship
between four classes of adversity (parent-reported intrafamilial adversity, parent-reported
extrafamilial adversity, child-reported intrafamilial adversity, and child-reported
extrafamilial adversity) and metabolic health.
In each of the four models tested, the following parameters were computed: the
direct effect of adversity on RSA-R, the direct effect of RSA-R on metabolic health, and
the overall indirect effect operating through RSA-R. In addition, for each of these
models, the direct effect of adversity on metabolic health was compared with and without
RSA-R included as a mediator. In all of the tested models, the direct effect of adversity
on RSA-R, the direct effect of RSA-R on metabolic health, and the overall indirect effect
operating through RSA-R were not significant. In addition, the direct effect of adversity
on metabolic health was unchanged with and without RSA-R included as a mediator.
These results are presented in Table 5. Together, these results suggest that RSA-R does
not mediate the relationship between adversity and mental health symptoms.
Summary of Analysis 2a, Analysis 2b, and Analysis 2c
In Specific Aim 2, we hypothesized that RSA-R would moderate the association
between adversity and metabolic functioning. Across Analysis 2a, 2b, and 2c, we
obtained partial (though limited) support for this hypothesis. First, in Analysis 2a we
obtained a well-fitting metabolic factor. Next, in Analysis 2b, we tested whether RSA-R
moderates the association between adversity and metabolic functioning. In three of the
four models tested our hypothesis was not supported (i.e., RSA-R did not moderate the
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association between adversity and metabolic health). However, in the child-reported
extrafamilial adversity model, the interaction between youth-reported extrafamilial
adversity and RSA-R was significant and negative. When this interaction was probed, the
nature of this interaction was in the hypothesized direction such that those with high
levels of RSA-R withdrawal and high levels of adversity evidenced the greatest levels of
metabolic dysfunction.
In Analysis 2c, we tested whether RSA-R mediates the association between
adversity and metabolic functioning. In all four of the mediation models, the effect of
adversity on metabolic functioning did not operate through RSA-R. Thus, the possibility
that RSA-R mediates the association between adversity and metabolic health was
rejected. Taken together, Analysis 2a, 2b, and 2c suggest that for child-reported
extrafamilial adversity, RSA-R may exert a moderating rather than mediating influence
on the association between adversity and metabolic health. However, for the other three
classes of adversity (parent-reported intrafamilial adversity, parent-reported extrafamilial
adversity, and child-reported intrafamilial adversity), RSA-R appears to neither
significantly mediate nor moderate the association between adversity and metabolic
health. In both the mediation and moderation models using parent-reported intrafamilial
adversity, the main effect of parent-reported intrafamilial adversity on metabolic
functioning was significant and positive. Although this effect did not survive correction
for multiple comparisons, and must be interpreted with caution, it offers evidence that
even while controlling for a variety of covariates, higher levels of adversity exposure may
be associated with more metabolic dysfunction during childhood and adolescence.
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As in Specific Aim 1, in the comparison of mediation and moderation models for
Specific Aim 2, we chose to compare parameter estimates rather than compare overall fit
statistics. This was due to the fact that the simple moderation models we tested were just
identified. As such, they did not yield overall fit statistics that could be compared to
mediation models. The mediation models we tested did provide fit-statistics.
Nevertheless, for the curious reader, theoretically plausible covariance statements were
added to the tested moderation models so that overall fit statistics could be obtained. The
overall fit statistics for the four moderation models (with covariance statements added)
and the four mediation models described in Analysis 2b and Analysis 2c, respectively are
included in Appendix B.
Specific Aim 3
In Specific Aim 3, we conducted an exploratory analysis and hypothesized that
parental RSA-R would moderate the relationship between parental experiences of
adversity and child RSA-R. In order to test this hypothesis, we conducted Analysis 3a
and 3b. In Analysis 3a, we tested two moderation models exploring the extent to which
parental RSA-R moderates the association between two classes of parental adversity
(intrafamilial adversity and extrafamilial adversity) and child RSA-R. In Analysis 3b, we
tested two alternative models and examined whether parental RSA-R mediates the
association between parental adversity and a child RSA-R.
Analysis 3a Moderation Models
To test the hypothesis that parental RSA-R moderates the association between
parental adversity and child RSA-R, two path analysis models were run utilizing parent
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self-reported experiences of intra- and extra- familial adversity during childhood. The
extent to which parental RSA-R moderates the association between parental adversity
and child RSA-R was examined. Descriptive statistics and inter-correlations are listed in
Table 6.
Parental Intrafamilial Adversity. While controlling for child age (B = 0.48, SE
= 0.45, p = 0.64), child sex (B = 1.10, SE = 2.36, p = 0.64), child IQ (B = 0.06, SE =
0.10, p = 0.59), SES (B = 0.00, SE = 0.06, p = 0.90), parent age (B = -0.13, SE = 0.35, p
= 0.70), and parent sex (B = -3.70, SE = 4.84, p = 0.45), neither the main effect of a
parent’s experience of intrafamilial adversity (B = -0.14, SE = 0.22, p = 0.55), parental
RSA-R (B = -0.05, SE = 0.15, p = 0.75), nor the interaction between parental adversity
and parental RSA-R (B = 0.01, SE = 0.02, p = 0.66) exerted a significant effect on child
RSA-R.
Parental Extrafamilial Adversity. While controlling for child age (B = 0.59, SE
= 0.46, p = 0.20), child sex (B = 1.16, SE = 2.28, p = 0.61), child IQ (B = 0.09, SE =
0.11, p = 0.42), SES (B = -0.01, SE = 0.05, p = 0.79), parent age (B = -0.20, SE = 0.35, p
= 0.57), and parent sex (B = -4.82, SE = 5.05, p = 0.34), neither the main effect of a
parental extrafamilial adversity (B = -0.06, SE = 0.32, p = 0.85), the main effect of
parental RSA-R (B = -0.122, SE = 0.15, p = 0.40), nor the interaction between parental
adversity and parental RSA-R (B = -0.05, SE = 0.036, p = 0.16) exerted a significant
effect on child RSA-R.
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Analysis 3b Mediation Models
In Specific Aim 3, we hypothesized that parental RSA-R would moderate the
association between parental adversity and child RSA-R and this hypothesis was
specifically tested and not supported in Analysis 3a. Given the theoretical plausibility that
parental RSA-R might, instead, mediate the association between parental adversity and
child RSA-R, two mediation models were also tested using parental reports of intra- and
extra- familial adversity during childhood.
In both of these models, the following parameters were computed: the direct
effect of parental adversity on parental RSA-R, the direct effect of parental RSA-R on
child RSA-R, and the overall indirect effect operating through parental RSA-R. In
addition, for both models, the direct effect of parental adversity on child RSA-R was
compared with and without parental RSA-R included as a mediator. In all of the tested
models, the direct effect of parental adversity on parental RSA-R, the direct effect of
parental RSA-R on child RSA-R, and the overall indirect effect operating through
parental RSA-R were not significant. In addition, the direct effect of parental adversity on
child RSA-R was unchanged with and without parental RSA-R included as a mediator.
These results are presented in Table 7. Together, these results suggest that parental RSAR does not mediate the relationship between parental adversity and youth RSA-R.
Summary of Analysis 3a and 3b
In Specific Aim 3, we conducted an exploratory analysis and hypothesized that
parental RSA-R would moderate the relationship between parental adversity and child
RSA-R. The results of Analysis 3a do not support this hypothesis. In Analysis 3b, we
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tested whether parental RSA-R might mediate the association between parental adversity
and child RSA-R. In the two mediation models tested, the effect of parental adversity on
child RSA-R did not operate through parental RSA-R. Thus, the possibility that parental
RSA-R mediates the association between parental adversity and child RSA-R was
rejected. Taken together, Analysis 3a and Analysis 3b suggest that parental RSA-R
neither moderates nor mediates the association between parental adversity and child
RSA-R.
As was the case for Specific Aims 1 and 2, in the comparison of mediation and
moderation models for Specific Aim 3, we chose to compare parameter estimates rather
than compare overall fit statistics. This was due to the fact that the simple moderation
models we tested were just identified. As such, they did not yield overall fit statistics that
could be compared to mediation models. The mediation models we tested did provide fitstatistics. Nevertheless, for the curious reader, theoretically plausible covariance
statements were added to the tested moderation models so that overall fit statistics could
be obtained. The overall fit statistics for the two moderation models (with covariance
statements added) and two mediation models are included in Appendix C.
Discussion
The two primary aims of this study examined the hypotheses that RSA-R would
moderate the association between experiences of childhood adversity and both symptoms
of mental health and indices of metabolic dysfunction. In addition, this study’s
exploratory aim sought to examine whether parental RSA-R would moderate the
association between a parent’s experiences of adversity during childhood and their
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child’s RSA-R. Our hypotheses for Specific Aims 1 and 2 were partially supported. Our
hypothesis for Specific Aim 3 was not supported. The discussion that follows will
consider the main and interactive effects found in each of our specific aims within the
context of relevant extant literature and will conclude with a discussion of the present
study’s strengths, limitations, potential clinical implications, and directions for future
research.
Adversity, RSA-R, and Mental Health
In Specific Aim 1, consistent with our hypothesis, we found that intrafamilial
adversity exerted a significant and positive main effect on mental health symptoms. This
finding aligns with a large and long-standing body of literature suggesting that
experiences of intrafamilial adversity are significantly and positively related to mental
health concerns in children and adolescents (Kaufman & Hoover, 2016). Indeed, in all of
the models tested, the main effects of parent- and child- reported intrafamilial adversity
on parent- and child- reported internalizing and externalizing symptoms were significant
and positive. Thus, the present study’s findings complement the literature to date and
suggest that experiences of intrafamilial adversity serve as a non-specific risk factor for
both internalizing and externalizing symptomatology (e.g., McLaughlin et al. 2012).
On the other hand, in the present study, the associations between parent- and
child- reported extrafamilial adversity and mental health symptoms were inconsistent.
Child-reported extrafamilial adversity exerted a significant and positive main effect on
parent- and child- reported internalizing and externalizing symptoms. This finding was
consistent with our hypothesis and adds to a burgeoning body of work suggesting that
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conceptualizations of childhood adversity should include both intra- and extra- familial
adversity. For example, Finkelhor, Shattuck, Turner, and Hamby (2013), found that
adjusting the original ACEs questionnaire so that it included items querying for
experiences of peer rejection, peer victimization, community violence exposure, and
socioeconomic status significantly increased the magnitude of the association between
experiences of adversity and mental health symptomatology. Moreover, longitudinal
work with adolescents suggests that experiences of extrafamilial adversity (i.e., bullying)
are associated with the later development of mental health concerns (Bannick, Broeren,
van de Looij-Jansen, de Waart, & Raat, 2014). Alternatively, our child-reported
extrafamilial adversity results might reflect that children at risk for internalizing and
externalizing disorders may be more likely to misinterpret ambiguous extrafamilial
experiences at hostile. Indeed, research suggests that children who perceive an
experience as bullying (particularly when their peers do not) are at greater risk for the
later development of internalizing and externalizing psychopathology (e.g., Gromann,
Goossens, Olthof, Pronk & Krabbendam, 2013; Hwang, Kim, Koh, Bishop, & Leventhal,
2017).
In the present study, the associations between parent-reported extrafamilial
adversity and mental health symptoms were largely non-significant. Although parentreported extrafamilial adversity was associated with parent-reported internalizing
symptoms, it was not associated with parent-reported externalizing symptoms, childreported internalizing symptoms, or child-reported externalizing symptoms. How then
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might these discrepant findings based on parent- and child- reported extrafamilial
adversity be interpreted given the body of literature?
A number of potential explanations might explain these patterns. First, the lack of
alignment between parent- and child-reported extrafamilial adversity could be
attributable to the fact that parental-report is often only weakly associated with youth
self-report (Achenbach, McConaughy, & Howel, 1987). Although in the present study,
the overall zero order correlations between youth- and parent- reports of extrafamilial
adversity and symptoms of mental illness were significant and positive, research suggests
that the degree of correlation between parent and youth report can be weaker in
adolescents than in younger children (Achenbach et al., 1987). Thus, given the broad age
range included in the present study (7-17), it is plausible that differences in the
association between parent- and child- reported extrafamilial adversity and parent- and
child- reported symptomatology may have been masked by the broad age range in our
sample. However, an exploratory probe of this speculation suggested that parent-reported
extrafamilial adversity was not significantly predictive of mental health symptoms even
among the pre-adolescent portion of our sample. Alternatively, the lack of effect may be
attributable to the fact that parent- and child- reports of intrafamilial adversity are more
strongly associated than parent- and child- reports of extrafamilial adversity. Indeed, our
zero order correlations suggest that this is the case. Nevertheless, our findings suggest
that like the assessment of mental health symptoms, the field’s understanding of adversity
will be improved by the use of multi-informant report across development.
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The lack of the main effect of RSA-R on parent- and child- reported externalizing
symptoms was inconsistent with our hypothesis. Indeed, meta-analytic work suggests that
greater levels of RSA-R withdrawal are associated with lower levels of externalizing
symptoms (Graziano & Derefinko, 2013) and the main effects reported here are not
consistent with this larger meta-analytic trend. However, despite such meta-analytic
work, the literature linking patterns of RSA-R withdrawal to externalizing
psychopathology is mixed. For example, some work suggests that children with greater
levels of externalizing symptoms evidence blunted RSA-R withdrawal in response to
stress (e.g., Pine et al., 1998). In addition, like the present study, some studies have not
found a significant relationship between patterns of RSA-R withdrawal and externalizing
symptoms (e.g., Eisenberg et al., 2011).
Similarly, in the present study, the lack of a main effect of RSA-R on parent- and
child- reported internalizing symptoms was also contrary to our hypothesis. Here again,
meta-analytic work suggests that greater levels of RSA-R withdrawal are associated with
fewer internalizing symptoms. (e.g., Graziano & Derefinko, 2013). However, despite this
larger meta-analytic trend, results are mixed with some research suggesting that greater
levels of RSA-R withdrawal are associated with greater levels of internalizing symptoms
(e.g., Boyce et al., 2001).
A variety of explanations for the lack of coherence in the RSA-R literature as it
relates to internalizing and externalizing symptoms have been proffered. In their seminal
meta-analysis, Graziano and Derefinko (2013) suggest that differences across RSA-R
studies may be due to methodological inconsistencies. Indeed, Graziano and Derefinko
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(2013) report that the relationship between RSA-R and outcomes differ based on whether
studies co-vary baseline RSA with RSA-R. In addition, they found that the relationship
between RSA-R and outcomes was marginally different depending on the type of task
utilized such that negative mood state induction tasks obtained larger RSA-R withdrawal
than cognitively challenging tasks. Finally, Graziano and Derefinko’s (2013) work
suggests that age differences across studies may contribute to some of the mixed results
reported in the research, and that patterns of baseline RSA and RSA withdrawal may
differ based on whether the sample utilized is a community/healthy sample or a
clinically/at risk sample.
Therefore, against the backdrop of factors that may contribute to the mixed nature
of the results in the literature, we speculate that the non-significant main effects of RSAR on mental health in the present study may have been due to several factors. First, we
did not co-vary baseline RSA, and perhaps doing so could have strengthened the
association between RSA-R and symptomatology. Second, our sample was comprised of
children and adolescents recruited from both a psychiatric clinic and the larger
community. Given that patterns of RSA-R appear to differ across these groups, the lack
of effect in the present study may have been related to the heterogeneity of our sample.
Third, given uncertainty in the field about the effect of age on patterns of RSA-R, the
wide age range utilized in the present analyses may have contributed to these results.
Finally, our calculation of RSA-R differs from the calculation of RSA-R used in other
studies. Indeed, in the present sample, a true baseline block (i.e., when participants were
not engaged in any activity) was not available, thus we calculated change scores between
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RSA during a relatively non-stressful block of the go-no go task and during a block
specifically designed to be frustrating. Thus, the nature of the baseline block used in the
present study differs from baseline blocks used in other studies. Moreover, given the
nature of the go-no go task, we essentially controlled for the effect of cognition across the
two blocks (while inducing frustration in block 2) and this methodological approach
differs from other studies.
The significant interactive effects reported in the present study between adversity
and patterns of RSA-R withdrawal in predicting internalizing symptoms are consistent
with prior literature. Indeed, the results of the present analyses align with a growing body
of work suggesting that blunted RSA-R withdrawal and/or RSA augmentation in
response to stress may serve to increase risk within the context of adversity. For example,
McLaughlin et al., (2014) found that RSA-R during a lab-based stressor task interacted
with experiences of child adversity to predict child-reported internalizing symptoms. In
addition, consistent with the results of the present study, the nature of the interaction
reported by McLaughlin et al. (2014) was such that individuals who evidenced blunted
RSA-R withdrawal evidenced the highest levels of internalizing symptoms within the
context of higher levels of adversity exposure. Interestingly, although McLaughlin et al.
(2014) found one association using a metric of intrafamilial adversity (i.e., “child
abuse”), the significant interactive effects were mainly found using metrics of
extrafamilial adversity (i.e., “community violence,” and “other traumatic events”). Thus,
here again, the present study’s significant interactive effect involving extrafamilial
adversity adds to a growing body of literature suggesting that experiences of extrafamilial
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adversity (both in isolation and in combination with metrics of psychophysiological
functioning) exert an effect on mental health and warrant further research.
In the present study, RSA-R did not interact with adversity to predict parent- and
child- reported externalizing symptoms. These results did not support our hypothesis.
Indeed, prior research suggests that patterns of RSA-R are associated with lower levels of
externalizing symptoms, particularly for boys living in homes with high levels of
interparental conflict (e.g., El-Sheikh et al., 2001). The discrepancy between the present
study, and El Sheikh et al. (2001)’s finding may be due to differences in the age of the
sample. Indeed, El Sheikh et al.’s work used a sample of 8-10 year olds, whereas the
present study’s age range went from 7-17. However, an exploratory probe of this
conjecture suggests that in the subset of our sample that was 8-10 years old and even
among 8-10 year old boys, RSA-R did not predict externalizing symptoms. Alternatively,
the discrepant results could also be due to differences in tasks, El Sheikh et al. (2001)
calculated changes in RSA-R after children listened to an argument which may be a more
naturalistic and appropriate measure of reactivity (relative to the go-no go task),
particularly for children living in adversity. Nevertheless, our lack of significant findings
for RSA-R on externalizing symptoms aligns with McLaughlin et al.’s (2014) work,
which also did not demonstrate a significant interaction between adversity and RSA-R on
externalizing symptoms among a sample that included adolescents. Thus, we speculate
that the interactive effects between adversity and RSA-R in predicting externalizing
symptoms, may vary by age, sex, and type of task utilized.
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Adversity, RSA-R, and Metabolic Health
In Specific Aim 2, RSA-R did not exert a significant main effect on metabolic
functioning and this finding was contrary to our hypothesis. The literature suggests that
parasympathetic functioning (as measured by baseline RSA) can be meaningfully
associated with metabolic health in adults (Licht et al., 2010; Masi, Hawkley, Rickett,
Cacioppo, 2007) and children (Vrijokette et al., 2015). However, with respect to RSA-R,
results are limited not only by the fact that more research has focused on baseline RSA,
but also because the vast majority of the research has been conducted with adult samples.
In adults, cross-sectional and longitudinal analyses suggest that greater RSA-R
withdrawal in response to stress is associated with less favorable metabolic profiles (as
indexed by triglycerides, HDL, cholesterol, blood pressure, glucose, and waist
circumference) (Hu et al., 2016). Alternatively, meta-analytic work with adults (e.g.,
Chida & Steptoe, 2009) suggests that patterns of change in metrics of heart rate
variability are not associated with subsequent cardiovascular risk (as measured by greater
hypertension and SBP). Gentile et al. (2015) found that in adults, greater parasympathetic
withdrawal in response to a lab-based stressor was associated with increased metabolic
burden in men, but the opposite pattern was reported in women such that blunted
withdrawal was associated with greater metabolic burden. Importantly, Gentile et al.
(2015) indexed parasympathetic withdrawal using High Frequency (HF) band
measurement, which involves spectral analysis of HRV using the high (0.15–0.40 Hz)
and low frequency (0.04-0.15) components. Although a different metric than RSA-R, HF
values are also thought to index parasympathetic control of cardiac activity. Finally,
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research suggests that among children, cardiac profiles characterized by lower levels of
RSA-R suppression are associated with greater BMI in black children, but not among
white children (Graziano et al., 2011). Certainly, the results documented in the literature
are mixed and we speculate that the inconsistent pattern of results in the extant literature
are due to methodological inconsistencies across studies in the nature of the stressful
tasks used, differences in age ranges across samples, differences in the measurement of
parasympathetic withdrawal, and differences in the indices of metabolic dysfunction
utilized.
Similarly, against this backdrop of the mixed body of literature, we speculate that
the lack of significant effects linking RSA-R to metabolic functioning in the present
study may be attributable to a number of factors. First, much of the previous work linking
patterns of RSA-R withdrawal to metabolic health has been conducted in adults. Thus,
the lack of significant associations in the present study may reflect that the association
between RSA-R and metabolic health emerges in adulthood. Second, the lack of
alignment between our results and other studies examining patterns of RSA-R and
metabolic functioning in children may be due to the fact that our sample was racially
homogenous and almost entirely white, whereas other studies found that significant
effects were driven by the non-white portions of their samples. Third, our results may
differ from prior studies due to methodological differences across studies in the nature of
the stressful tasks used to calculate RSA-R [e.g., go-no go task (present study), social
stressor tasks (Gentile et al., 2015), cognitive control tasks (Graziano et al., 2011)].
Fourth, the lack of alignment between the present study and prior work may be due to
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differences in the way metabolic functioning was measured. Finally, the lack of
consistency may have been due to inconsistent control over psychotropic drug use.
Indeed, the present study was unable to control for psychotropic drug use, and in the vast
majority of other studies such use is controlled for due to the fact that tricyclic and
tetracyclic antidepressants, SSRIs, and benzodiazepines may attenuate RSA, decrease
PNS functioning, and alter vagal outflow, respectively (Beauchaine, 2001).
With respect to the main effect of adversity on metabolic functioning, in three of
the four models tested adversity did not exert a significant effect on metabolic
functioning. However, parent-reported intrafamilial adversity did exert a significant
effect on metabolic functioning, but this effect did not survive correction for multiple
comparisons. Thus, our results were largely contrary to our hypothesis. Our hypothesis
was based on a body of work suggesting that adults who report having experienced
childhood adversity are at a heightened risk for cardiometabolic conditions including
obesity diabetes, heart disease, lung disease, peptic ulcers, arthritic disorders, and
autoimmune disorders (Goodwin & Stein, 2004; Felitti et al., 1998). Although a limited
amount of research has explored these associations in children, the research that does
exist suggests that experiences of intrafamilial adversity are associated with some indices
of metabolic dysfunction (i.e., BMI) during childhood and adolescence (e.g., Kaufman et
al., 2018).
Therefore, we speculate that the lack of association between adversity and
metabolic functioning in the present study could be attributable to the following factors.
First, these differences could be due to methodological difference in indices of metabolic
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dysfunction utilized across studies. Indeed, to date, studies with children have primarily
utilized BMI (e.g., Kaufman et al., 2018) as an index of metabolic dysfunction. However,
building off prior work (e.g., Vrijokette et al., 2015), the present study sought to explore
how adversity was related to broader metrics of metabolic functioning during childhood.
Thus, the lack of effects could be related to our use of a metabolic factor. Second, it could
be that childhood adversity exerts its influence on adult cardiometabolic health via mental
health symptoms and that this process unfolds longitudinally. For example, some
research does suggest that the association between childhood adversity and
cardiometabolic conditions in adulthood becomes non-significant after adjusting for
mental health symptoms (e.g., Danese & Tan, 2004; Pederson & Wilson, 2009).
Therefore, the cross-sectional nature of our study may have prevented us from capturing
an effect of adversity on cardiometabolic conditions that unfolds longitudinally. Third,
other studies exploring the association between childhood adversity and metabolic
functioning (e.g., Kaufman et al., 2018) recruit portions of their samples from child
protective service populations. Thus, it could be that the association between adversity
and metabolic dysfunction emerges in children who have endured among the most
extreme experiences of adversity. Finally, the lack of results in the present study could be
due to biases in the retrospective reports of childhood adversity present in the ACEs
literature with adults. Indeed, it has been suggested that biases in reporting may inflate
associations between ACEs and adult health (e.g., Hardt & Rutter, 2004).
Our hypothesis about the interaction between adversity and RSA-R was partially
supported by the significant interaction between child-reported extrafamilial adversity
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and RSA-R in the prediction of metabolic dysfunction. When this interaction was probed,
the association between adversity and metabolic dysfunction was significant among those
who evidenced greater levels of RSA-R withdrawal and higher experiences of adversity.
While greater levels of RSA-R withdrawal are typically associated with more favorable
outcomes in the mental health literature, in the metabolic literature, some studies have
suggested that greater levels of RSA-R withdrawal are associated with greater levels of
metabolic dysfunction in adults (e.g., Hu et al., 2016). In this way, the results of the
present study are inconsistent with the general trends in the mental health literature
(where greater RSA-R withdrawal is associated with better outcomes), but consistent
with some of the metabolic research suggesting that greater parasympathetic withdrawal
in response to stress is associated with less favorable metabolic outcomes particularly
within the context of psychosocial adversity. For example, Hagan et al. (2016) found that
in children greater RSA-R withdrawal was associated with more general medical health
conditions within the context of higher levels of psychosocial adversity.
Intergenerational Association of Adversity and RSA-R
In our exploratory analysis, we hypothesized that the association between parental
experiences of adversity and child RSA-R would be moderated by parental RSA-R. This
hypothesis was not supported. Indeed, neither the main effect of parental adversity, the
main effect of parental RSA-R, nor the interaction between adversity and parental RSA-R
exerted a significant effect on child RSA-R. Similarly, results testing mediation models
also suggested that parental RSA-R did not mediate the association between parental
experiences of adversity and child RSA-R. Thus, neither our hypothesis nor an alternative
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mechanistic explanation (i.e., mediation) linking parental adversity to child RSA-R via
parental RSA-R were supported. Although there is research suggesting that there may be
an intergenerational component to adversity, the results of the present study are not
terribly surprising because much of the research linking patterns of parental RSA-R to
child RSA-R use mother-infant dyads, whereas the present study used parent-child dyads.
We did not find a main effect linking parental experiences of adversity to child
RSA-R. Prior literature has suggested that prenatal stress exerts an influence on infant
RSA such that high levels of prenatal stress were associated with prolonged RSA
suppression in infants, and that a mother’s experiences of adversity prior to pregnancy
have been associated with infants’ evidencing lower overall RSA (Gray, Jones, Theall,
Glackin, & Drury, 2017). Given that such significant intergenerational effects have been
documented, we hypothesized that parental adversity may exert an influence on child
RSA-R in the present study. However, the results of the present study suggest that
parental experiences of adversity no longer exert a significant effect on child RSA-R
during childhood and adolescence. Indeed, it seems quite plausible, and there is research
to suggest that the effect of parental adversity on child psychophysiology may be related
to mechanisms other than parental psychophysiology. Indeed, parenting practices (e.g.,
Hughes & Cossar, 2016) and parental mental illness (e.g., Milner et al., 2010) have been
implicated in the intergenerational transmission of adversity and future work might
explore how such variables may link parental psychophysiological functioning and child
psychophysiological functioning.

73

Moreover, with respect to the lack of a main effect of parental RSA-R on child
RSA-R, there is a burgeoning body of work suggesting that associations between parent
and child RSA-R may be better captured by tasks involving real-time interactions
between parents and children (e.g., Mckillop & Connell, 2018). The null findings in the
present study suggest that such a dynamic approach to exploring the relationship between
parent and child RSA-R maybe preferable to the measurement of RSA-R during labbased tasks that parent’s and children complete in isolation. Indeed, it seems plausible
that the effect of a parent’s experience of adversity on his or her child may be better
understood using metrics of parent-child co-regulation in real time.
Strengths
The present study has a number of strengths. Although a large body of research
has explored the association between childhood adversity and adult psychopathology and
metabolic dysfunction, relatively less work has explored potential mechanisms that may
underlie these associations. To our knowledge, this is the first study to explore how
patterns of RSA-R may moderate the association between childhood adversity and both
symptoms of psychopathology and metabolic dysfunction in children and adolescents.
Our results on the association between RSA-R and mental health add to a growing
body of work suggesting that parasympathetic functioning may serve as a risk factor
within the context of childhood adversity. Moreover, the results of the present study add
to the childhood adversity literature broadly by suggesting that in addition to the
established associations between intrafamilial adversity and mental health outcomes,
experiences of extrafamilial adversity warrant our careful examination. Indeed, the results
74

of the present study suggest that experiences of extrafamilial adversity in isolation and in
interaction with psychophysiological functioning confer risk for internalizing symptoms.
This is an important finding that burgeons a developing body of research suggesting that
childhood adversity is best understood when we consider a child’s experience not only
within the context of their familial environment, but also within their broader community.
Similarly, a strength of the present study is its examination of the association
between adversity and metabolic functioning during childhood and adolescence. Indeed,
the vast majority of extant research has explored the association between retrospective
reports of childhood adversity during adulthood with indices of adult metabolic
functioning. Thus, a strength of the present study is that we were able to obtain a wellfitting latent factor indexing metabolic dysfunction in a sample of children and
adolescents. While we found limited support for the association between adversity and
metabolic dysfunction, our results suggest that more work is needed. Although it did not
survive correction for multiple comparisons, we did find a significant main effect of
intrafamilial adversity on metabolic functioning and this finding warrants further
investigation. Similarly, the interactive effect we reported between child-reported
extrafamilial adversity and RSA-R aligns with metabolic research to date suggesting that
within the context of greater levels of psychosocial adversity, greater levels of RSA-R
withdrawal in response to stress may be associated with greater levels of metabolic
dysfunction.
In addition, research suggests that there is an intergenerational transmission of
adversity and myriad hypotheses have been put forward, yet relatively few studies have
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explored psychophysiological processes that may contribute to this intergenerational
transmission. While we did not find significant results, this null result is meaningful
insofar as it encourages future research to pursue other mechanistic explanations for the
intergenerational transmission of adversity that have been documented in other work (i.e.,
parenting, co-regulation of psychophysiological processes in parent-child dyads in realtime). The effects of parental adversity on child RSA-R documented in research with
parent-infant dyads, was not seen in the present study’s parent-child dyads.
Limitations
Despite these strengths, the present study is not without its limitations. Indeed,
given the cross-sectional design we cannot conclude with certainty about the direction of
effects. While we hypothesize that patterns of RSA-R serve as a risk factor for
psychopathology within the context of adversity, it is possible that disruptions in ANS
functioning may be a downstream consequence of exposure to adversity. However, in our
mediation analyses adversity did not predict RSA-R. Moreover, given the cross-sectional
nature of this work it is also possible that mental health symptoms temporally preceded
experiences of adversity. Certainly, more prospective longitudinal work is needed to
parse apart how interactions between exposure to adversity, psychophysiological
functioning, and mental and metabolic health outcomes unfold over time.
In addition, this study is limited by the fact that it only included one measure of
PNS functioning (i.e., RSA-R). A growing body of work suggests that analyses using
only metrics of parasympathetic reactivity may be limited. For example, research
suggests that there may be interactive effects between baseline RSA and patterns of RSA76

R withdrawal in the prediction of emotional-behavioral outcomes (e.g., El-Sheikh,
Hinnart, & Erath, 2011). Moreover, research suggests that during lab-based tasks, the
interplay between SNS and PNS activation can meaningfully interact to predict
emotional-behavioral outcomes (e.g., Murray-Close et al., 2017). Indeed, a more
thorough understanding of the ANS will be derived from research that attempts to
quantify how all of these psychophysiological processes work in concert and are related
to experiences of adversity and emotional-behavioral outcomes.
In addition, the scope of the conclusions that we can draw is limited by the small
effect sizes obtained in the present study. Although some effects emerged as significant,
the present study’s effect sizes were quite small. Thus, while we interpret these effects,
we also acknowledge that additional work is needed to replicate the findings reported
here. It is possible that the effect sizes we obtained may be related to the fact that we did
not co-vary baseline RSA with patterns of RSA-R withdrawal. Although the RSA-R
literature to date includes studies that do (e.g., Hasting et al., 2008) and do not (e.g.,
Crowell et al., 2006) co-vary baseline RSA, meta-analytic work suggests that associations
between RSA-R and emotional-behavioral outcomes may be stronger when baseline RSA
values are included as covariates (Graziano & Derefinko, 2013). Similarly, we only
examined linear associations between RSA-R and mental and metabolic health. As others
have suggested (e.g., Graziano & Derefinko, 2013), it remains possible that examining
quadratic change in the relationship between RSA-R and mental and metabolic health
may prove fruitful.
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In addition, our results are limited by the fact that we did not control for metabolic
or psychotropic drug use. With respect to psychotropic drugs, research suggests that both
tricyclic and tetracyclic antidepressants, SSRIs, and benzodiazepines may attenuate RSA,
decrease PNS functioning, and alter vagal outflow, respectively (Beauchaine, 2001).
Similarly, we did not control for the use of cholesterol, blood pressure, thyroid, or other
medicines specifically designed to ameliorate cardiovascular and metabolic risk, although
the use of such medications is quite uncommon in the child and adolescent population.
Nevertheless, it is plausible that our lack of statistical control over psychotropic and
metabolic medication may have exerted a confounding effect on each of our variables of
interest (i.e., RSA-R, psychopathology, and metabolic functioning).
Moreover, the present study tested separate models looking at the effects of
adversity on mental and metabolic functioning. However, the present study could have
been strengthened by exploring how mental health may contribute to metabolic
functioning during childhood. Indeed, some adversity research with adults (e.g., Pederson
& Wilson, 2009) suggests that changes in mental health in response to adversity may
influence changes in metabolic functioning. As such, the present study could have been
improved by including metrics of both physical and mental health in a single model.
However, our ability to meaningful interpret associations would have been limited by the
cross-sectional design of this study.
Finally, the racial and ethnic homogeneity of the present study’s sample is an
important limitation. Indeed, there is evidence to suggest that the strength of the
association between adversity and mental health symptoms may be stronger in samples
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that consist predominately of white children (e.g., Graziano & Derefinko, 2013).
Similarly, there is evidence to suggest that the association between patterns of RSA-R
and metabolic functioning may vary based on race (e.g., Graziano et al., 2011).
Therefore, the results of the present sample may not be generalizable to individuals of
non-white races and ethnicities.
Future Directions
Given the strengths and limitations of the present study outlined above, future
work might build upon the present study in the following ways. First, the present study
calls the field of adversity research to include extrafamilial measures of adversity into our
research exploring the effects of childhood adversity on mental and metabolic health. In
addition, the present study aligns closely with prior work suggesting that experiences of
adversity interact with patterns of RSA-R specifically in predicting internalizing rather
than externalizing symptoms. Moreover, the present study encourages future research to
explore the relationships between psychophysiological functioning, experiences of
adversity, and metrics of metabolic functioning during childhood and adolescence.
To improve upon the present study’s limitations, prospective-longitudinal work
might help disentangle the associations between mental health, metabolic health, and
psychophysiological functioning as they unfold over time. In addition, such work would
benefit from the utilization of indices of both SNS and PNS functioning to explore how
these systems interact with each other. In addition, future research could build upon this
work by exploring how indices of mental and metabolic health may interact with each
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other within the context of adversity rather than exploring their effects in isolated models.
Finally, future work should include racially and ethnically diverse samples.
Clinical Implications
Although more work is needed, these results have a variety of clinical
implications. The present study adds to a growing body of work suggesting that patterns
of RSA-R withdrawal may interact with psychosocial stressors to predict mental health
symptoms. The clinical implications of these findings, therefore are how and if such
metrics of psychophysiological functioning may be meaningfully incorporated into
assessment and treatment. Already, research is exploring how such metrics may change
in the course of treatment. For example, research with adults has suggested that
meditation may result in increases in metrics of parasympathetic functioning (i.e., HF)
(Wu & Lo, 2008). Similarly, research with children with PTSD has demonstrated that
Cognitive-Behavioral Therapy is related to changes in patterns of RSA-R withdrawal in
response to a stressor (Lipschutz, Gray, Weems, & Scheeringa, 2017). However, the
results of Lipschutz’s et al.’s (2017) work underscores that more work is needed.
Indeed, these authors found that treatment completion did result in changes in RSA-R
withdrawal, but that patterns of change were not uniform. Post-treatment, some children
evidenced increases in RSA-R withdrawal in response to stress, whereas others evidenced
decreases in RSA-R withdrawal in response to stress. Moreover, pre- to post- treatment,
patterns of change in RSA-R withdrawal appeared to be related to pre-treatment baseline
RSA. Thus, more work is needed to understand how psychophysiological metrics may be
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incorporated into treatment. Nevertheless, the possibility of incorporating neurobiological
metrics of risk into treatment remains a tantalizing direction for future research.
Conclusions
The experience of childhood adversity both inside and outside the home is related
to mental health concerns and psychophysiological functioning may play a role, albeit a
complicated one, in these associations. This study suggests that adversity itself and
interactions between adversity and psychophysiological functioning are associated with
metabolic dysfunction and mental health problems even during childhood and
adolescence. Without question, more prospective, longitudinal work (incorporating a
broader array of psychophysiological metrics) is needed. However, the present study
suggests that these pursuits will likely enhance our understanding of the processes
through which experiences of adversity confer risk for deleterious emotional-behavioral
and metabolic health outcomes in this vulnerable population.
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Appendix A
Table 1a
Comparison of Moderation and Mediation for Specific Aim 1
Parent-reported Intrafamilial Adversity

Table 1b
Comparison of Moderation and Mediation for Specific Aim 1
Parent-reported Extrafamilial Adversity

Note: A covariance statement (SES with Adversity) was added to the moderation
models described in text in order to obtain fit statistics
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Table 1c
Comparison of Moderation and Mediation for Specific Aim 1
Child-reported Intrafamilial Adversity

Table 1d
Comparison of Moderation and Mediation for Specific Aim 1
Child-reported Extrafamilial Adversity

Note: A covariance statement (SES with Adversity) was added to the moderation
Models described in text in order to obtain fit statistics. *In addition, for models in
which significant interactive effects were found an additional covariance statement
(IQ with sex) was added.
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Appendix B
Table 1
Comparison of Moderation and Mediation for Specific Aim 2

Note: A covariance statement (SES with Adversity) was added to the moderation
models described in text in order to obtain fit statistics
*In addition, for models in which significant interactive effects were found an
additional covariance statement (IQ with sex) was added.
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Appendix C
Table 1
Comparison of Moderation and Mediation for Specific Aim 3

Note: A covariance statement (SES with Adversity) was added to the moderation
models described in text in order to obtain fit statistics.
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